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THE SUPPOSED GLACIATION OF BRAZIL.’ 


THE inquiries I have received from time to time regarding 
the supposed glaciation of Brazil in Pleistocene times, the doubts 
sometimes expressed regarding it, and the occasional appeals 
made to it,? induce me to state briefly what 1 know about the 
matter. 

Strangely enough the errors of Agassiz, Hartt and Belt regard- 
ing glaciation in Brazil have been turned to account both by those 
who have theories that need the support they think the glacia- 
tion of Brazil would give them, and also by those who seek by 
means of these errors to throw discredit on the subject of glacial 
geology. 

I believe the case has been generally dropped by geologists 
as not proven, but I am confident that no one wishes to ignore 
the evidence “merely because it runs counter to all his precon- 
ceived opinions.”3 

EARLY VIEWS OF AGASSIZ AND HARTT. 


When Professor Louis Agassiz made his trip to Brazil in 
1865, on board the steamer going out he gave a series of 


* Advance quotations are made from this article by Dr. Alfred R. Wallace in 
Nature, Vol. 48, No. 1251, Oct. 19, 1893, 589-590. 

? The Glacial Nightmare and the Flood, by Sir HENRY H. Howortn, London, 
1893. MARSDEN MANSON, in the Trans. of the Geol. Soc. of Australasia, I, pt. VL, 
155-170, and in the Trans. of the Tech. Soc. of the Pacific Coast, VIII., No. 2, 19. 
Geological and Solar Climates; their Causes and Variations, by MARSDEN MANSON, 
University of California, May, 1893. Ragnarok, by IGNATIUS DONELLY. 

3 WALLACE: Nature, Vol. II., 1880, 511. 
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lectures in which he suggested to his assistants the possibility 
of the South American continent having been glaciated, and 
reminded them that this was one of the important subjects for 
their investigation." 

I subsequently learned from Professor Hartt, who was one 
of the assistants, that these lectures prepared them to be con- 
vinced that glaciation had taken place in Brazil, though he him- 
self was rather inclined to believe otherwise. 

Mrs. Agassiz’s book shows throughout how Professor Agassiz 
found on every hand, from the time he landed in Brazil till he 
left there, what he regarded as evidences of glacial action. 
In the mountains about Rio de Janeiro he found erratic boulders 
(pp. 86 e¢ seg.); at Ereré, in the Amazon valley, he found “ the 
only genuine erratic boulders I have seen in the whole length 
of the Amazon valley,” (p. 418); he declared that “il n’y a pas 
trace des terrains tertiaires’’* in that region, while the horizontal 
sediments of that valley he explained as silts thrown down in 
cold glacial waters behind a vast terminal moraine that stretched 
across the mouth of the valley (p. 426), and of which the 
island of Marajo was supposed to be a remnant; the table-topped 
hills he explained as the remnants of sediments left when this 
great dam broke, and the waters swept the greater part of the 
beds out to sea. 

The lateral moraine on the south side of this great glacier 
he expected to find in the interior of Ceara (p. 447-8); he went 
to Ceara, and found at Pacatuba, near the coast, what he regarded 
as glacial phenomena “‘as legible as any of the valleys of Maine, 

*A Journey to Brazil, by Professor and Mrs. Louis AGassiz, Boston, 1868, 
15. In Mrs. AGAssiz’s Life and Correspondence of Louis Agassiz, Boston, 1886, II., 


633, it is further stated that Agassiz was confirmed “in his preconceived belief that 
the glacial period could not have been less than cosmic in its influence.” 

2 Bul. de la Soc. Géologique de France, XXIV., 110. In a letter to Elie de Beau- 
mont, he speaks of these beds as loess, but he gives no specific explanation of their 
formation. Comptes Rendus de l’Acad. des Sciences, 1867, 1269. Professor Agassiz 
first published his paper on the Physical History of the Amazon valley in the Atlantic 
Monthly for July and August, 1866; it was also published subsequently in his 
Geological Sketches, sec. ser. Boston, 1886. II., 153 e¢ seg., and in the Journey to 


Brazil. 
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or in those of the valleys of Cumberland in England” (pp. 456, 
463). 

Naturally enough these views were received in the scientific 
world with incredulity. As Mr. Wallace remarks, “ Prof. Agassiz 
was thought to be glacier-mad,’" but his earlier observations on 
glaciers had been received with quite as much doubt,’ so that the 
doubts have nothing to do with the case one way or the other. 

Professor Chas. Fred. Hartt states in his book; that he was 
at first very skeptical about Brazilian glaciation, but that he was 
finally obliged to yield to the evidence collected by himself, and 
to confess that Agassiz was right. 

It should perhaps be mentioned here, that there is a general 
impression that when Hartt wrote his book on the geology of 
Brazil, he had spent several years, and traveled widely in that 
country, and that the conclusions given by him are the results of 
all his Brazilian work. This is far from being the case. When 
he wrote the Geology and Physical Geography of Brazil, he 
had spent only a year and a half in that country; on his first trip 
he arrived at Rio de Janeiro, April 23, 1865, and left it on July 
of the following year;* on his second trip, he reached Para, 
July 11, 1867,5 and returned from Rio in September of that 
year,° making in all not more than eighteen months spent in 
that country up to the time his book went to press. The belief 
in the glaciation of Brazil, as there expressed, is therefore based 
upon his earliest and least trustworthy work in that region. 
Hartt fully recognized this afterwards, and I have often heard 
him say, “1 wish I had known as much about geology when I 
wrote that book as I know now.” 

He subsequently made several trips to Brazil; in one to the 


* Nature, IL., 511. LYELL’s Principles of ‘Geology, New York, 1889, 1, 466. 
? Bul. de la Soc. Géol. de France, 1867-8, XXV., 685. 

3 Geology and Physical Geography of Brazil, Boston, 1873, 29. 

4 Agassiz, Journey, 46 and 540. 


5 American Naturalist, I., 648. 


© Geology and Physical Geography, 201. 
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Amazon valley’ he examined the table-topped hills* which 
. Agassiz had referred to glacial action, and the boulders he had 
called “the only genuine erratic boulders” he had seen in the 
Amazon valley. Already, in 1867, Professor James Orton, who 
scouts the idea of the glaciation of the Amazonas, had discov- 
ered at Pebas, in the supposed glacial sediments, ‘‘marine or 
perhaps rather brackish water Tertiary fossils.’’* 

In 1871 Hartt found the supposed erratics of the Amazon val- 
ley to be boulders of decomposition derived from trap dikes near 
at hand, and stated that he “did not see, either at Ereré or in any 
part of the Amazonas, anything that would suggest glaciation.” 
He still clung, however, to the idea that the highland of Brazil 
to the south had been glaciated.* 

Unfortunately Hartt has left no further record of his later 
views upon this subject, but that his views underwent a 
radical change I know as positively as one can know the 
opinions of another person. I went with him to Brazil in 
1874, was with him in his work there until his death in 1877, and 
remained yet five years later—in all eight years in that country. 
Under his direction I did more or less work in the mountains 
about Rio de Janeiro for the purpose of sifting the evidence of 
glaciation in that region, and I am glad to say, in justice to the 
memory and scientific spirit of my former chief and friend, 
that long before his death he had entirely abandoned the theory 
of the glaciation of Brazil, whether general or local, and that the 
subject had ceased to receive further attention, even as a working 
hypothesis. So much for Hartt’s opinions. 

* Builetin of the Buffalo Soc. of Natural History, 1874, 201. 


?On the Valley of the Amazon, by JAMES ORTON, Proc. Am. Assoc. Adv. Sci., 1869, 
XVIIL, 195-9; On the Evidence of a Glacial Epoch at the Equator, by JAMES ORTON, 
The Annals and Magazine of Natural History, 1871, VIII., 297-305. 

The Andes and the Amazon, by JAMEs OrTON, N., Y., 1876, 282, 560. The fossils 
collected by Orton are described in the Amer. Jour. Conchology, IV., 197, and VI., 192. 
Others are described from similar places in the Quar. Jour. Geol. Soc., XXXV., 76-88, 
and 763 ef seg. 


}Amer. Jour. Sci., 1871, 295. 


‘Ann. Rep. of the Amer. Geographical Soc. of N. Y., for the year 1870-1, 252. 
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Thomas Belt, the author of The Naturalist in Nicaragua, says 
in that volume’ that though no ice marks are visible he has seen 
‘‘near Pernambuco, and in the Province of Maranham, in Brazil, 
a great drift deposit that I believe to be of glacial origin.” 

I have seen and studied the deposits to which Belt refers ; 
my opinion is that while they bear a certain resemblance to 
glacial drift they are entirely devoid of positive evidence of 
glacial origin. The method of their formation is explained in 


another part of this paper.? 
AGASSIZ’S CHANGE OF VIEWS. 
It is appropriate that I here quote from Professor N. S. Sha- 
ler, a former pupil of Professor Agassiz :3 


“There has been a good deal of discussion concerning the former exist- 
ence of glaciers in the valley of the Amazon. Agassiz, to whom we owe the 
first suggestion of the value of glaciation as a great geological agent, at one 
time thought it likely that the valley of this great river had been the seat 
of a glacier that poured its ice from the Andes nearly down to the sea. This, 
which was hardly more thana suggestion put forth for the discussion of geological 
students, was, I believe, practically abandoned by this illustrious naturalist 
before his death, (In this assertion I have embodied the results of several 
remarks by my late master on this subject made during the last two years of 
his life. It is satisfactory to know that the only considerable mistake he made 
in the matter of glaciation was corrected by his own reflections on the subject. 
N.S. S.) and has been found to be an essentially mistaken view. The late 
Professor Hartt, geologist of Brazil, at one time thought some of the debris in the 
mountain districts near Rio de Janeiro was of glacial origin, but this sugges- 
tion has never been submitted to discussion, and can have no weight against 
the other evidence of a negative kind that goes to show that glaciation, save in 


higher mountain countries, has never extended into the intertropical regions. 
* The Naturalist in Nicaragua, by Thomas Belt, F.G.S., 2d ed. London, 1888, 265. 


? It has been asked how I reconcile Belt’s statements regarding glaciation in Nica- 
ragua with my inability to find trustworthy evidence of glaciation at a similar south 
latitude. I don’t try to reconcile them; I am simply dealing with the facts as I know 
them in Brazil. I have never seen the Nicaraguan deposits, but I can’t avoid suspect- 
ing that they will turn out like the Brazilian ones, J. Crawford’s moraines and 
“moutonnéd ridges” to the contrary notwithstanding. (Proc. Amer. Assoc. Adv. Sci., 
XL., 265, and Science, XXII., No. 263, p. 270). 


3Glaciers, by N. S. SHALER and W. M. Davis, Boston, 1881, 47. 
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In 1872 Agassiz went through the Straits of Magellan in 
charge of the natural history work of the Hassler Expedition. 
On that voyage he touched at Montevideo and at many points 
south of that place, through the straits, and along the west coast. 
The letters written by him on this trip suggest very strongly, if 
they do not conclusively show, that he had at this time already 
abandoned the idea that Brazil had been glaciated. Speaking of 
certain boulders seen by him on the Cerro at Montevideo, Mrs. 
Agassiz observes" that “As these were the most northern erratics 
and glaciated surfaces reported in the southern hemisphere,” etc. 
From this it appears that he no longer regarded the Brazilian 
boulders as erratics. 

After Agassiz had examined the glacial phenomena of the 
Straits of Magellan and of the southern part of the continent, he 
sent a report to the Superintendent of the U. S. Coast Survey, 
dated at Concepcion Bay, June 1, 1872.’ This article also bears 
evidence that he no longer regarded Brazil as having been glaciated. 
In one place he says,3 “1 am prepared to maintain that the whole 
southern extremity of the American continent has been uniformly 
moulded by a continuous sheet of ice.” The italics are mine. In 
the next paragraph he says, “The first unquestionable roches 
moutonnées 1 saw were upon the nearest coast opposite Cape 
Froward.” Again he says (p. 271): ‘The equatorial limit of 
this ice sheet both in the northern and the southern hemisphere 
is part of the problem upon which we have thus far fewest facts 
in our possession. In South America I have now traced the 
facts from the southernmost point of the continent uninterruptedly to 37 
S. latitude on the Atlantic as well as the Pacific coast.” Again 

* Louis Agassiz, his Life and Correspondence, Boston, 1886, IL., 712. Rep. U. S. 
Coast and Geodetic Survey for 1872, 215. Nature, 1872, VI.,€9. Evidently Burmeister 
does not regard the boulders cited as glacial, for he uses the expression, “ phénoménes 
de glaciers chez nous, et dont nous n’avons nulle part la preuve.” République Argen- 
tine, IL., 214, also 392, 393. The same blocks are described by Darwin in his Geolog- 
ical Observations, 432. He does not seem to regard them as erratics. 


? Published in the New York Tribune of June 26, 1872, and reproduced in Nature 


1872, VL., 216, 229 and 260. 


3 Nature, 1872, VI., 230. 
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(p. 272) he speaks of having traced the palpable evidence of 
glaciation ‘from Montevideo on the Atlantic to Talcahuano on 
the Pacific coast.” Speaking of evidence at Concepcion Bay he 
says also (p. 272) “Think of it! A characteristic surface indicat- 
ing glacial action in latitude 37° S. at the level of the sea!” 

These quotations show as plainly as anything short of a pos- 
itive statement can that Agassiz in 1872 no longer considered as 
trustworthy what he had formerly regarded as the evidences of 
glaciation in Brazil. For if he still believed in a glacier under 
the equator itself, why should he tell us with exclamation points 
to think of a glacier thirty-seven degrees nearer the pole ? 


BASIS OF THE THEORY. 


I should be glad to leave the matter with these statements of 
the changes of views on the part of both advocates of the glacia- 
tion of Brazil, but persons who have theories based to a greater 
or less extent on the glaciation of the tropics are very reluctant 
to believe, in the face of the many positive statements of both 
Agassiz and Hartt, and of the apparently trustworthy evidence 
adduced by them, that the first impressions of those excellent 
observers, both of whom were ‘thoroughly familiar with glacial 
phenomena in the north, were altogether wrong. It is not possi- 
ble, neither is it necessary, to take up here the individual cases 
spoken of by Agassiz and Hartt as evidence of glacial action. 
Very nearly all the materials referred by them -to the drift fall 
under two principal heads : 

First, the so-called erratic boulders, often imbedded in what 
was considered boulder-clay. 

Second, transported, water-worn materials. 


ORIGIN OF THE BOULDERS. 


The boulders believed to be erratics are not erratics in the 
sense implied, though they are not always in place. The first 
and most common are boulders of decomposition, either rounded 
or subangular, left by the decay of granite or gneiss. Some- 
times they are imbedded in residuary, and consequently unstrati- 
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fied clays, formed by the decomposition in place of the 
surrounding rock. And everyone has heard of the great depth 
to which rocks are decomposed in Brazil... The true origin of 
these boulders and the accompanying clays is often more or less 
obscured by the “creep” of the materials, or, in hilly districts, 
by land-slides, great or small, that throw the whole mass into a 
confusion closely resembling that so common in the true glacial 
boulder-clays. In this connection too much stress can scarely 
be placed upon the matter of land-slides ; they are very common 
in the hilly portions of Brazil, and, aside from profound striations 
and faceting, produce phenomena that, on a small scale, resem- 
ble glacial till in a very striking manner. The fact that the 
boulders are of various sizes, sometimes from ten to twenty feet 
in diameter, and have mingled with them quartz fragments 
derived*from the veins that traverse the crystalline rocks from 
which they are derived, adds to the resemblance of these mate- 
rials to certain glacial products. Such boulders, however, are by 
no means confined to the vicinity of Rio de Janeiro, but are com- 
mon throughout Brazil wherever there are granites or gneisses. 
They have been seen by the writer in the Amazon valley (Ara- 
guary River) in the interior of Pernambuco,’ Parahyba do Norte, 
Alagoas, Sergipe, Bahia, Rio de Janeiro, Minas Geraes, Sao Paulo, 
Parana, and Matto Grosso. 

The positions in which such boulders are often found are 
worthy of note, though one who felt disposed to regard them as 
transported blocks would probably not consider their positions 
as inconsistent with the glacial theory of their orgin. They are 
abundant about the bases of granite hills and mountains where 
they have been formed by the exfoliation of the great blocks 
and slabs produced by the secular decay of the hills and moun- 
tains. There are hundreds of rude boulders at the southeast base 


*DARWIN: Geological Observations, 427; Liats: Climats, Géologie, etc., 2; 
Pissis: Men. Hist. Inst. de France, X., 538; DERBY: Amer. Jour. Sci., 3d Ser., 
XXVIL., 138; Mitts: Amer. Geologist, III., 351. 


?In the American Naturalist, 1884, XVIII., 1189, I have given a sketch of some 
boulders found in the state of Pernambuco; see also p. 1187 of that vol. 
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of the Sugar Loaf at the entrance to the harbor of Rio, at the 
east base of the Corcovado, and about every such mountain in 
the vicinity of Rio de Janeiro. They’ rest on the summits and 
margins of the high, sharp mountain peaks; on the top of the 
Sugar Loaf at the entrance of the Rio harbor, for example, there 
are several such boulders, one of which is thirty feet in diame- 
ter; the top of the Gavea, the flat-topped mountain southwest of 
Rio, has hundreds of boulders on its summits. Agassiz mentions 
such boulders on the edge of rock basins (Journey, 493). He 
“was at a loss how to explain how loose masses of rock, descend- 
ing from the heights above should be caught in the edges of 
these basins, instead of rolling to the bottom.” The fact is that 
the blocks referred to orfginated, not in the heights above, but 
just where they now lie, as is shown beyond question by occa- 
sional quartz veins passing from the*boulders into the rocks upon 
which they rest.’ ; 

In some of the shallow parts of the Bay of Rio de Janeiro 
what were once small islands have had the residuary soils 
removed and great nests of such boulders project from the water. 
On the island of Paqueta in the bay are some beautiful examples 
of such boulders lying in the water’s edge. I am fortunately 
able to give an illustration showing the Paqueta boulders which 
may be taken as a type of those found in and about the Bay of 
Rio de Janeiro. 

The second method by which these boulders have been 


‘Sometimes boulders accumulate on one side of a hill or peak and not on the 
opposite side. This is well illustrated in the case of the Sugar Loaf. On the side 
facing the ocean there are thousands of boulders, many of them of enormous size, while 
on the opposite side where there is less surf there are but few. The reason for this 
difference is that there is a large dike-like ledge of hard rock exposed on the seaward 
side of the peak. This ledge does not appear on the opposite side where the mass is 
softer and weathers away evenly without leaving good boulder-forming fragments 
about the base. The ledge referred to is shown in the accompanying illustration. 


?In SHALER and Davis’ Glaciers, plate XXIL., is given an example of boulders of 
decomposition in Central India. Exactly similar cases are common in the granitic 


and gneissic areas of Brazil. 


3See also BURMEISTER’S Reise nach Brasilien, Berlin, 1852, 111, 112. 
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formed is quite similar to the first, but instead of being cores of 
granite or gneiss, they have been derived by the same process of 
exfoliation and decomposition from the angular blocks into 
which the dikes of diorite, diabase, or other dark colored rocks 
break up. Their color marks them as quite different from the 
surrounding granites, and the dikes themselves are almost invaria- 
bly concealed. Moreover, these dikes not infrequently contain 
inclusions of still different rocks and we thus occasionally have 
boulders of various kinds of rocks mingled together. The resi- 
duary clays derived from the decomposition of these dikes are 
somewhat different in color from those yielded by the granites, 
so that when ‘“‘creep”’ or land-slides add their confusion to the 
original relations of the rocks, the resemblance to true glacial 
boulder-clays is pretty strong. The chance of discovering the 
source of these boulders is further decreased by the depth to 
which the mass of the rock has decayed, and by the impenetra- 
ble jungles that cover the whole country and so effectually limit 
_the range of one’s observation. Dikes such as these last men- 
tioned are not uncommon in the mountains of Rio de Janeiro. 
Indeed what have generally been regarded as the very best evi- 
dences of Brazilian glaciation," some of the boulders near the Eng- 
lish hotel in Tijuca, fall under this head, though some of them 
are of gneiss. The fact is that the great mountain masses about 
Rio are of granite or gneiss, while some of the boulders come 
from dikes or other dark-colored rock high on their sides, dikes 
which were not visited by Agassiz or Hartt.* There is a good 
example of a dike breaking up in boulders at the gap through 
which the road passes from the Jardim Botanico to the Gavea 
near the City of Rio. At this place the ground is covered to a 

‘A Journey to Brazil, 86 e¢ seg. > AGAssiz: Geological Sketches, Boston, 1885, 
IL., 155 e¢ seg. Hartrt’s Geol. and Phys. Geog. of Brazil, 24-30. 


? Darwin mentions boulders and dikes seen at Rio de Janeiro, (Geological Obser- 
vations, pt. IL, ch. XIII., 425; also Trans. Geol. Soc. London, 2d Series, 1842, VI., 427, 
note). Professor O. A. Derby sent Rosenbusch specimens of diabase from twelve 
dikes in the neighborhood of Rio de Janeiro, varying from twenty centimetres to sev- 
eral metres in thickness. See Dr. E. O. Hovey’s descriptions of these rocks in 
Tschermak’s Min. u. Petrog. Mittheilungen, 1893, XIII., 211-218. 
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depth of fifteen feet or more with clays through which are min- 
gled boulders of diorite and granite and fragments of quartz. 
Further east, at a lower level, some of the clays have been washed 
over and contain subangular fragments of quartz, some of them 
two feet in diameter, many of which are somewhat water-worn. 
It is perhaps worth mentioning that these water-worn quartz 
fragments imbedded in clays were regarded by Hartt as the best 
evidence of glaciation. They were finally eliminated as such 
evidence near the end of a rainy season by my finding a land- 
slide filling up a small ravine in which the bed of the stream had 
been strewn with similar quartz fragments, and the whole buried 
beneath a slide of crumpled clays. A highly instructive lesson 
can be had on the subject of boulders and clays, their origin and 
relations to the so-called drift of Brazil from Professor Derby’s 
paper on nephelene rocks in Brazil... Anyone reading that 
article can readily fancy how Professor Agassiz, in a flying trip 
across Sao Paulo and Minas, would have interpreted these clays 
and boulders of different kinds and different colors. 

In regard to the so-called erratics I should mention also the 
opinion of another observer and writer upon Brazilian geology. 
Emmanuel Liais, formerly director of the Imperial Observatory at 
Rio de Janeiro, is very positive that there are no evidences what- 
ever of glaciation in Brazil. Of the boulders supposed to be 
erratics, he says :* 

“ These boulders though numerous are always in the immediate neighbor- 
hood of the veins from which they are derived... .. Though presenting 
sometimes the appearance of erratics by their abundance and rectilinear 
arrangement, they are not transported boulders, and have nothing in common 
with erratic phenomena. ... . I have not been able to find any signs of the 
existence of a boulder that can be regarded as erratic and coming from a 
region distant from the one where it is found. In the vicinity of these isolated 
boulders one always finds dikes, veins or simply masses or boulders of the 
same material intercalated with the terrain in place.” 

He speaks of the occurrence of dikes of diorite from which 
many of the boulders cited by Agassiz have been derived. More 


* Quar. Jour. Geol. Soc., 1887, XLIII., 457-473. 


?Climats, Géologie, etc., du Brésil, Paris, 1872, 18. 
7 
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than a score of statements of a similar nature may be cited from 
Liais’ book. 

Count de la Hure has also pointed out how diorite breaks up 
into boulders, and cites in evidence some of the very cuts on the 
Pedro II. Railway which Agassiz and Hartt refer to the drift. 
Saldanha da Gama in speaking of the exfoliation and decom- 
position of granite rocks described by Count de la Hure and 


Capanema says :* 


“This and many other facts gathered by the Brazilian naturalist in his 
observations on diorite and other rocks of that class led the eminent Swiss 
geologist to point out that the study of the drift in Brazil will not be well 
understood so long as one hasn't a thorough knowledge of the decomposition 


of the rocks.” 

He also refers to the fact that these phenomena may be 
observed in several of the Brazilian provinces. 

The two kinds of boulders above mentioned are common in 
the regions of crystalline rocks ; a third kind is found in those 
parts of eastern Brazil that are covered, or were formerly covered, 
by Tertiary sediments, namely in the State of Bahia, and thence 
northward to the Amazon valley. These Tertiary deposits con- 
tain beds of sandstone that are sometimes locally changed upon 
exposure to the hardest kind of quartzite. Most of the 
associated beds are friable and easily eroded, so that when the 
surrounding strata have been removed there are left behind a few 
blocks of quartzite, varying in size from a foot to four feet in 
diameter. These boulders are so unlike the rocks from which 
they have been derived and by which they are surrounded, that 
unless one has given special attention to the study of Tertiary 
sediments in that region he is liable to be much puzzled and even 
misled by them. * 


WATER-WORN MATERIALS. 


ORIGIN OF THE 
The second class of evidences by which Agassiz and Hartt 
were misled consisted of transported, water-worn materials. 
* Revista do Instituto Historico do Brazil, 1866, XXIX., 421 e¢ seg. 
? See BRANNER’s Cretaceous and Tertiary Geology of the Sergipe-Alagéas Basin 
of Brazil. Trans. Amer. Phil. Soc., XVL., 1889, 419-421. 
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These materials are made up of boulders, cobbles, and gravels, 
sometimes assorted and sometimes having sand and clay mixed 
with them, and are spread far and wide, though irregularly, over 
all the Tertiary and Cretaceous area bordering the ocean, and 
extend for a long distance into the interior, and far beyond the 
borders of the Tertiary deposits. They were regarded by the 
writers in question as analogous to the water-worn materials so 
common in the northern drift. Had these materials been of 
glacial origin it is not unreasonable to expect that striated 
pebbles would have been found among them occasionally, but, 
as a matter of fact, no such marks have ever been found, though 
I have made the most diligent search for them. That the strie 
have been obliterated by weathering agencies is out of the 
question, because the preservation of the water-worn and pitted 
faces of the pebbles shows plainly enough that striated faces 
would have been preserved equally well had they ever existed. 
The origin of these water-worn materials has already been 
explained elsewhere, and from that article the following quota- 
tion is made :? 

“This formation is spread over the hills and valleys of the Sergipe- 
Alagoas basin and over the adjacent country in the form of a thin coating of 
cobblestones, pebbles and sand, sometimes loose and sometimes cemented 
into a pudding-stone as much as ten feet in thickness, and, when exposed, 
stained black by manganese. It caps the summit of the tertiary plateaux or 
their outliers, and it is frequently strewn along down the sides of hills and 
accumulated in the valleys. It is not confined to the geographic limits of the 
Cretaceous or Tertiary, but is found further inland and far beyond the present 
limits of thesé formations. It is everywhere more or less irregular in thick- 
ness, and nowhere can it be said to be universal or continuous. The writer 
has seen this material throughout Sergipe and Alagéas, in Parahyba, and as 
far inland as the head waters of the Rio Ipanema in the interior of the pro- 
vince of Pernambuco, where there is no remnant of stratified Tertiary beds. 
Between the lower Rio Sao Francisco and the frontier of the province of 
Alagoas, and indeed in many parts of the province of Pernambuco, this water- 
worn material is found mingled in bogs with the remains of extinct, gigantic 
mammals. 

One of the marked characteristics of this post-tertiary formation is that it 
is much coarser inland, and grows finer as the coast is approached. The 


* Trans. Amer. Phil. Soc., 1889, XVI., 421. 
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explanation of this water-worn material seems to be that the Tertiary period 
was closed by a depression along the present coast, which carried the beach 
line far inland, or that it was already there. Then followed a gradual 
emergence,’ during which the whole area now covered by this widely dis- 
tributed water-worn material was passed gradually through the condition of a 
beach, upon which the then loose, angular, surface rocks of the country were 
rounded and worn into the boulders, cobbles and pebbles which we now find 
scattered over this region. While the surf was beating upon and wearing the 
hard crystalline and metamorphic rocks of the interior it was unable to pro- 
duce any very marked effect upon the topography of the country, but when, 
in the course of the land's emergence, the soft, sandy and clayey beds of the 
Tertiary were brought up within its reach, the work of land sculpture it was 
able to do was enormously increased. During the emergence of these 
Tertiary beds they were deeply eroded, and the mud which originally made 
part of them was washed seaward, and the coarser materials were concentrated 
upon the slowly receding beach. In some places these accumulations assume 
unusual proportions, as if they had been brought together by the gradual 
beating of waves along a beach, or had been reconcentrated by later streams,”’ 


TOPOGRAPHY. 


GLACIAL 

Agassiz considered that the undulating outlines. of the topo- 
graphy about Rio de Janeiro were attributable to glacial action,* 
though he recognizes the fact that nothing of glaciation was to 
be learned from their appearance. A careful study of those 
features, made with this suggestion in mind, shows that the 
rounded hillsides have no uniformity in their arrangement, that 
is, what would be séoss sides, judging from the topographic forms, 
face now in one direction, and now in another, and that the out- 
lines are simply those produced by ordinary decomposition and 
erosion, though much influenced by structural features.’ Hartt’s 
opinion, as originally expressed in his book (p. 33), was that the 
forms of the hills were ‘due primarily to subaérial denudation.” 


OF STRI#®. 


ABSENCE 


THE 
A bit of negative evidence of great importance against the 
glacial hypothesis is the fact that nowhere has there been found 


* See also Pissis in Comptes Rendus de I’ Acad. des Sci., 1842, XIV., 1046. 


7. Bul. dela Soc. Géol. de France, 1867-8, XXV., 687. 


? Geological Sketches, II., 157. 


3Journey, pp. 69-70. 
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a single scratch either upon the rocks in place or upon a boulder, 
cobble, or pebble, that could, by any legitimate stretch of the 
imagination, be attributed to glacial action. And it is but just 
to recall the fact that both Agassiz and Hartt recognized this as 
the one piece of evidence, above all others, lacking for their 
Brazilian glacial theory. How diligently Agassiz searched for 
such evidence one can judge from the story of his journey as 
told by Mrs. Agassiz and himself, and I know that Hartt left no 
stone unturned and no locality unexplored that he thought might 
afford him the long-sought strie. They both explained the 
absence of such marks by supposing that they had been oblit- 
erated by the decomposition of the rocks, and Agassiz believed 
that in the Amazon region there were no rock surfaces exposed.’ 
But it cannot be considered credible that glacial stria should 
have been preserved in Asia, Africa and Australia since Carboni- 
ferous times,’ but entirely obliterated in Brazil, both from the 
bed rocks and from the conglomerates deposited in post-tertiary 
times, or as has already been mentioned, that the pitted and 
water-worn faces should have been preserved in these materials 
while the ice marks should have been obliterated. 

James E. Mills, a professional geologist and a former pupil 
of Agassiz at Harvard, spent nearly two years in Brazil in the 
states of Rio Grande do Sul, Rio de Janeiro, and Minas Geraes. 
He expresses his views of the subject of glaciation in that 
country as follows:3 “In those portions of Brazil which came 
within my field of observation there is no glacial drift, and there 
are no glaciated rock surfaces or glacial topography or other 
signs of the existence of glaciers.” 

Agassiz points out the weakness of his own theory regarding 
Brazilian glaciation very nicely in his letter to Professor Pierce, 

‘Journey, 426. There are plenty of rock surfaces in the Casaquiari region, on the 
Araguary, the Tocantins, the Tapajos and in hundreds of other places away from the 
immediate alluvial plain of the Amazon. 

? Geological Magazine, 1886, 492-495. For the literature of the subject see C. D. 
WuireE in Amer. Geologist, May, 1889, 299-330. 


3 American Geologist, III., 361. 
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of Harvard, by saying: ‘ But I have not yet seen a trace of glacial 
action proper, if polished surfaces and scratches and furrows are 


especially to be considered as such.” 


EVIDENCE. 


BIOLOGICAL 
Thus far I have confined myself to a statement of the tacts 
that relate directly to glaciation. Aside from these a matter of 
the utmost importance is the continuity of life from Tertiary 
times down to the present, especially in the tropical and sub- 
tropical parts of the earth. If glaciation had been cosmic, as 
suggested by Agassiz—if it had taken place under the very 
equator—then the reasoning of biologists regarding the origin 
and distribution of the present life of the globe is about all at 
fault. A reviewer of Hartt’s Geology of Brazil long ago called 
attention to the fact that “the grand objection to the theory of 
the former existence of a continental glacier in tropical America, 
is the unbroken continuity of tropical life since the close of the 
Tertiary period.”* Mr. Wallace, in an earlier review, had already 
called attention to the same point, while still another lays stress 
upon the important fact that the plants found in the Amazonian 
silts, supposed by Agassiz to be of glacial origin, are the remains 
of tropical plants, and are not therefore comparable with the 


Alpine plants growing beside existing glaciers in mountainous 


regions.‘ 
THE OPINIONS OF OBSERVERS. 


The following are some of the opinions of geologists regard- 
ing the phenomena regarded by Agassiz and Hartt as glacial. 
These authors are quoted, not simply for the purpose of bring- 
ing the weight of authority to bear on the subject, but because 
they have all seen much of the geology of Brazil and are 
competent to have opinions worthy of consideration. Darwin, 
who visited Brazil in 1832 and saw something of these 


* Journey in Brazil, 88. 


? American Naturalist, 1871, V., 36. 


3 Nature, 1870, 511. 


4The Geological Magazine, 1868, V., 458. 
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phenomena, stated that no true glacial boulders had been seen 
in the inter-tropical regions. The English botanist, George 
Gardner, gives the correct explanation of the formation of the 
soils about Rio.? Burmeister, who traveled extensively in Brazil, 
is of the opinion that the facts appealed to by Agassiz in support of 
his glacial hypothesis for Brazil are to be explained otherwise.3 
Liais’ adverse opinion has already been cited. Dr. Guilherme S. 
de Capanema, a Brazilian geologist, thoroughly disbelieves in the 
theory of Brazilian glaciation. Professor James Orton’s papers 
in which he controverts the glacial hypothesis in so far as it relates 
to the Amazon valley have been cited, while Hartt himself recog- 
nized the mistake of Agassiz in that region.’ Mr. James E. 
Mills saw some of the best examples of the supposed glaciation 
at Rio de Janeiro and spent more than a year in the highlands of 
Brazil; his opinion regarding what he saw has already been 
quoted. Professor Derby in speaking of the possibility of glacia- 
ation omits all reference to the phenomena upon which Agassiz 
and Hartt placed so much stress, namely, those in the mountains 
about Rio, though to my knowledge, he is perfectly familiar with 
those phenomena.° 


' Trans. Geol. Soc. London, 1842, 2nd Ser. VI., 427. 

? Jour. Roy. Hort. Soc., 1846, p. 191. 

3 Description Physique de la République Argentine par Dr. H. Burmeister, Paris, 
1876, 393. 

4+Decomposicao dos penedos do Brazil, Rio de Janeiro, 1866; Revista do Instituto 
Historico do Brazil, 1866, XXIX., 421. 

5 Am. Jour. Sci., 1871, 295. 

®In the following references more or less doubt is expressed regarding the glacia- 
tion of Brazil : 

The Highlands of Brazil, by RicHARD F. BuRTON, London, 1869, I., 39, II., 218. 
The Amazon and Madeira Rivers, by FRANZ KELLER, New York, 1874, 47. Fifteen 
Thousand Miles on the Amazon, by BROWN and LipsTONE, London, 1878, 42. Brazil, 
the Amazon and the Coast, by HERBERT H. Smiru, New York, 1879, 634. Glaciers, 
by SHALER and Davis, Boston, 1881, 47. A Geographia Physica do Brazil por J. E. 
Wappeus, Rio de Janeiro, 1884, 55. Pre-historic America, by the MARQUIS DE 
NADAILLAC, edited by W. H. DALL, London, 1885, 18, foot note. Report on Coffee 
Culture, by C. F. VAN DELDEN LARENE, London, 1885, 24. Le Pays des Amazones 
par F. J. de SANTA-ANA NERY, Paris, 1885, 36. A Year in Brazil, by H. C. Dent, 
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I may sum up my own views with the statement that I did 
not see, during eight years of travel and geological observations 
that extended from the Amazon valley and the coast through 
the highlands of Brazil and to the head waters of the Paraguay 
and the Tapajos, a single phenomenon in the way of boulders, 
gravels, clays, soils, surfaces or topography, that could be 
attributed to glaciation. A glacial origin for certain gravels has 
probably been suggested by Derby," because their origin is 
somewhat obscure, but I am of the opinion that they admit of 
the same explanation as the high river gravels of the south- 
western United States, and that glaciation had nothing whatever 


to do with them.’ 


Joun C. BRANNER. 


London, 1886, 424. Three Thousand Miles through Brazil, by J. W. Wells, London, 
1886, II, 373-4. Sparks from a Geologist’s Hammer, by ALEXANDER WINCHELL, 
Chicago, 1887, 180. Notes of a Naturalist in South America, by JoHN BELL, London, 
1887, 313-318 and 342. Darwinism, by ALFRED R. WALLACE, London, 1889, 370. 


*Wappeus’ Geographia Physica do Brazil, p. 55. 


?It may have some value as corroborating an opinion formed before studying the 
geology of the Southern United States, that all the phenomena brought forward in sup- 
port of the glaciation of Brazil are repeated in the Southern States, far south of what 
geologists readily recognize as the utmost limits of glacial ice. In Arkansas for exam- 
ple, boulders occur near Little Rock, of such shape, character, and distribution as to 
strongly suggest a glacial boulder train, if the glaciation of the region were admissible, 
or another explanation were not evidently the correct one. For an illustration of such 
boulders see Annual Rep. Geol. Survey of Arkansas for 1890, II., 25. 
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CAUSES OF MAGMATIC DIFFERENTIATION. 


In petrographical literature in recent years attention has 
repeatedly been drawn to the fact, that igneous rocks, which are 
closely connected geographically and in age, are also chemically 
related to one another, showing a certain ‘“ consanguinity ’’—to 
use Iddings” very fitting expression—a relationship which makes 
them form a distinct “ petrographical province”’ (Judd) when 
compared with igneous rocks of other parts of the world. The 
cause of this relationship has been sought in the supposition, 
that all the different rocks of the “ petrographical province” 
come from the differentiation of one common magma, originally 
homogeneous. 

As to the manner in which the differentiation took place, 
opinions are divided. We may suppose that it took place during 
the consolidation of the magma; in this way, a part of the 
minerals crystallized out, then were mechanically accumulated 
and finally reliquified. The differentiation of the original magma 
into partial magmas could take place in this way, but, as far as I 
can see, only on a small scale. A silicate magma during its 
period of crystallization is certainly too viscous to permit of any 
considerable diffusion. For example, in the reproduction of 
rocks after the method of Fouqué and Lévy, in which process a 
glass is first made having the desired composition, this glass may 
be completely devitrified (fused), while it remains so viscous 
that pieces of it neither change form nor adhere to one another. 

Another theory, namely, that the differentiation has taken 
place in the magma while quite fluid, possesses greater probability 
and therefore more adherents. But concerning the details of the 
method opinions differ. While certain petrographers apply the 


*“ Origin of Igneous Rocks.” Bull. Phil. Soc.of Washington, 12. 89-214. (1892). 
This paper contains an extensive bibliography of this subject, to which the reader is 
referred. 
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laws of dilute solutions to explain the differentiation of the 
molten silicate magmas, others look upon the separation of the 
original magma into partial magmas as evidence of the incapacity 
of the chemical compounds, constituting the original magma, to 
dissolve one another completely at all states of temperature and 
pressure. This latter theory is not as yet very much developed, 
but has been considered by Durocher and Rosenbusch, whereas 
the first theory, which consists essentially in the application of 
what Teall has termed “Soret’s principle,”’ has been used by 
several authors, in greatest detail by Vogt. 

The principle known in petrographical literature as ‘ Soret’s 
principle” can be correctly formulated thus: “If in the same 
dilute solution, the temperature is different in different places, 
the concentration varies also and in such a manner, that, when 
equilibrium is established in every point, it is universally propor- 
tional to the absolute temperature ''—for, the osmotic pressure is 
proportional to the absolute temperature, and if the pressure is 
augmented in one place, part of the molecules must be driven 
over to the place with less osmotic pressure, in order to maintain 
the equilibrium. Here, as in the other applications of the laws 
of gases to solutions, it must be remembered that these laws 
apply rigidly only to very dilute solutions; concerning the 
behavior of concentrated solutions we know very little, and 
especially with reference to “ Soret’s principle.” Further, if two 
or more substances are contained in the solution a difference of 
temperature could not change the re/ative concentration any more 
than it could change the composition of a gas-mixture.*| The 
only thing that is altered is the proportion between the solvent 
and the substance dissolved. 

Consequently such definitions of “Soret’s principle” as “The 
compound or compounds with which the solution is nearly satu- 
rated tend to accumulate in the colder parts,”* and “ The most 


‘In very concentrated solutions it might happen that the osmotic pressure is a 
different function of the temperature for the different substances in solution, and then 
the relative concentration would be changed. 

TEALL: “ British Petrography,” 394. (London, 1888). ZIRKEL: “ Lehrbuch der 


Petrographie,” Vol. 1., 779. (Leipzig, 1893). 
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difficultly soluble compounds diffuse towards the plane of cool- 
ing’’* are misconceptions, It is the proportion between the 
solvent and the dissolved substance which is changed and this is 
all—so far as we know at present. Consequently, in order that 
one may use “ Soret’s principle” for the purposes of theoretical 
petrography it is quite necessary to have the question settled : 
what is “the solvent’ and what “ the thing dissolved ?”’ 

Vogt? avoids this difficulty in the following way. He says: 
“ Owing to chemical action certain ‘ liquid-molecules’ are individ- 
ualized, which are preliminarily kept dissolved in the resting 
magma, and which only by a subsequent lowering of temperature, 
or pressure, are separated in the solid condition. The minerals 
which crystallize first at every stage may consequently be con- 
sidered originally ‘ dissolved’ in the remaining ‘ mother-liquor.’” 
Here we find at first the supposition, that certain compounds are 
‘individualized "3 in preference to others, and consequently the 
latter as not “individualized”? form a sort of chaos. But this 
remainder must certainly consist also of chemical compounds. 
The author has perhaps thought that they should be dissociated, 
but it must be remembered that the free ions cannot diffuse 
independently of one another. 

In the latter part of the quotation it is stated, that the sub- 
stance which crystallizes out first when temperature sinks is to be 
considered as dissolved in the solvent, which crystallizes at a still 
lower temperature. But, in general, it is the solvent which 
crystallizes out first when the temperature falls, and this crystal- 
lization goes on until the “eutectic proportion” (Guthrie) is 
reached, when both the substance dissolved and the solvent 
crystallize simultaneously until the whole is solidified. If Vogt’s 
reasoning is correct, the more a dilute solution of nitre is diluted 
with water, so much the more should the water be regarded as 
the substance dissolved. 

*“ Die am schwersten léslichen Verbindungen diffundiren nach der Abkiihlungsflache 
hin.” BrOGGER: Zeitschr. f. Krystallographie 16, 85. (1890). 
? Geologiska Féreningens Férhandlingar 13. 526. (Stockholm, 1891). 


3 Or “ constituted ” in the German edition, Zeitschr. f. prakt. Geol., 1893, 273. 
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Thus I have tried to show, that “ Soret’s principle’ cannot be 
applied to magmas, and consequently, if magmatic differentiation 
were a process of molecular diffusion it could not be explained. 
And it seems to me to be going too far to apply the laws of 
dilute solutions to magmas before having attempted to consider 
them simply as mixtures of liquids. 

As an illustration of the conduct of two liquids when mixed, 
let us take aniline and water. If they are mixed at ordinary 
temperature, when equilibrium is established two layers are 
formed, one containing 1 per cent. of aniline and 99 water, the 
other 98 aniline and 2 water.'' But if they are mixed at 100° the 
two layers formed will contain 4 aniline and 96 water, and 91 
aniline and 9 water; at 150° the proportions are 14 aniline and 
86 water, and 76 aniline and 24 water; at 160° they are 25 aniline, 
75 water, and 68 aniline, 32 water, and at 166° the two layers 
should have the same composition, being consequently identical. 
Therefore, above 166° aniline and water mix in all proportions, 
but de/ow this temperature the reciprocal dissolving capacity is 
limited and generally a separation ino two layers takes place, 
the composition of which is a function of the temperature. 

This seems to be common for all liquid-mixtures where no 
chemical action takes place. For all such mixtures there exists 
a temperature, above which they mix in all proportions. It is 
true that this temperature is known only for a few combinations 
of liquids, but it must be regarded as certain that it exists, and if 
not below then at the critical temperature, because here the 
capacity of mixing in all proportions is a general property of the 
gases. 

On the other hand, there are certain fluids, which at ordinary 
temperature dissolve one another without limit, and for these the 
temperature below which the dissolving capacity is limited is yet 
to be determined, but in some cases this may not be reached 
before the transition into the solid form takes place. For us the 
principal question now is, can we assume that all the chemical 


*The numbers given are obtained by interpolation in the curve of Alexejew in 
WIEDEMANN’S Annalen 28, table 3. (1886). 
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compounds forming the original rock magma are completely 
soluble in one another? I think not. 

We are told by Vogt’ that silicates can be melted together 
in all proportions. This may be true, but it does not prove that 
this mixture would not separate into layers of different compo- 
sition, or at least become heterogeneous, if it were kept molten 
for a sufficient time. The viscosity of molten glasses is very 
great and consequently the separation must take time. Still 
evidences of such separation—or Uguation as we may call it, 
following Durocher—in the manufacture of glass are not wanting. 
It is well known to be very difficult to produce large pieces of 
homogeneous glass, for example for optical purposes. Accord- 
ing to Wagner’s Handbuch der chemischen Technologie’ this 
comes from the fact, “either that the individual compounds 
formed during the melting process have not dissolved one 
another or that they have separated from the mixture by a lower- 
ing of the temperature”; and further, ‘“ One will seldom find 
large pieces of glass, which are completely free from this fault.’’3 
But it is not necessary to leave the field of geology in order 
to decide the question whether magmatic differentiation is a 
diffusion, or a liquation, process. Let us select some examples 
of differentiation, and examine them in the light of both theories. 
I have chosen two, one on a small scale, the basic inclusions, and 
one on a large scale, the great petrographical province of 
Iceland. 

By diffusion, according to ‘“Soret’s principle,” the basic 
inclusions could never be thought to have been formed in situ 
or approximately so—for, between them and the surrounding 
magma there would be no difference in temperature, or at least 
no difference sufficient to alter the osmotic pressure, which is 
proportional to the absolute temperature, or enough to produce 

* Zeitschr. f. prakt. Geol., 1893, 272. ; 

* 13th edition, 720. (Leipzig, 1889). 
3“ Entweder die einzelnen beim Schmelzprocesse entstandenen Verbindungen sich 
gegenseitig nicht aufgelést, oder bei einem Nachlassen der Temperatur aus einem 


Gemenge sich abgeschieden haben”; and further, “ Man wird selten gréssere Stiicke 
von Glas finden, welche von diesem Fehler vollkommen frei waren.” 
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so radical a change in chemical composition. These inclusions 
must, by this theory, be considered to be fragments of older 
rocks, formed in this way. Still basic inclusions may be sup- 
posed to have been formed by mechanical agglomeration, and no 
doubt this has often been the case. But, in opposition to both 
these theories, it is in many cases evident that the inclusions 
were soft, and then the simplest view is that they were drops, or 
portions, of a partial magma, which at the temperature, existing 
immediately before crystallization, could no longer be held in 
solution by the principal magma, but separated out, 

The great petrographical province of Iceland is characterized 
principally by enormous eruptions of plagioclase-basalts and 
exceedingly subordinate eruptions of rhyolites, which, however, 
are very numerous. No other eruptive rocks are known from 
Iceland up to this time." If we considered the differentiation of 
the primary magma, which here was very basic, as a diffusion- 
it would be incom- 


” 


phenomenon, according to “Soret’s principle, 
prehensible why the differentiation never stopped with the pro- 
duction of an intermediate magma, and, moreover, this theory 
would demand that every little rhyolite-magma previous to the 
eruptions would have been surrounded by a broad zone, showing 
all transitions to the basaltic magma. In both cases these inter- 
mediate magmas should have been erupted at some time, but, 
as already mentioned, we know a hundred eruptions of rhyolite 
but not a single one of andesitic rocks. It therefore seems more 
probable that these intermediate magmas never existed in the 
petrographical province of Iceland, but that the acid partial 
magmas were separated out directly from the basic original 
magma, which by lowering temperature lost its homogeneity. 
The conditions of temperature and pressure being different in 
different places these acid partial magmas also became somewhat 
different, but may all be classified as soda-rhyolites. The 
chemical compounds, which constitute the silicate magmas— 
and which are not necessarily identical with the rock-forming 


* Refer to H. BACKsTROM: “ Beitrige zur Kenntniss der islandischen Liparite ” in 
Geol. Foren. Férh. 13, 667. (Stockholm, 1891). 
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minerals—are naturally more than two, and therefore the liqua- 
tion must become very complicated, being not only a function of 
temperature but also dependent on the original proportions, 
Therefore, in other places, where the original magma had another 
composition, relatively stable andesitic magmas might be formed, 
but this was evidently not the case in Iceland. 

Liquation is no doubt also a function of the pressure, but 
experimental data are wanting. Still it may be considered as 
probable that, if liquation would augment the volume of the 
magma, then pressure would act the same as increase in tem- 
perature, and inversely. The first is most frequently the case 
with liquid-mixtures. 

The purpose of this communication is to give to liquation 
and not to diffusion its place as the working hypothesis, upon 
which the theory of differentiation is to be constructed. How 
far this theory may differ from the approximation to it, given by 
Rosenbusch in his ‘‘ Kern”’-theory, the future will show. 

In conclusion, I wish to express my best thanks to my 
friend and colleague Dr. S. Arrhenius for much valuable infor- 
mation furnished me in numerous discussions on this and other 
subjects which lie on the border between petrology and physical 
chemistry, 

HELGE BACKsTROM. 
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Conclusion. 


In a former paper? I have discussed the geological struct- 
ure of Mount Washington and shown that in that mass we have 
to deal with a conformable series of beds embracing four distinct 
lithological members. These members are: (1) a lower dolo- 
mitic limestone—the Canaan Dolomite; (2) a lower schist 
member containing usually abundant garnets and frequently also 
staurolite—the Riga Schist; (3) a calcareous member, in the 
valley a marble but on the summit plain of the mountain and 
along its base very micaceous and graphitic—the Egremont 
Limestone ; and (4) a schist member very feldspathic and 


the U. S. Geological Survey, under the direction of Professor Raphael Pumpelly. 


| * Part of a report of work done as Assistant Geologist in the Archean Division of 


2On the Geological Structure of the Mount Washington Mass in the Taconic 
Range. Journal of Geology, Vol. L., p. 717. 
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usually either chloritic or sericitic, but always free from garnets 
and staurolite—the Everett Schist. 

The area studied —To the eastward of Mt. Washington, 
at a distance of five or six miles, flows the Housatonic river, its 
general course being like the crest-line of the mountain, nearly 
south. To the northeastward of the mountain the intervening 
area is a nearly level plain in which are extensive outcrops of the 
Egremont Limestone, sometimes with thin intercalated mica- 
ceous or quartzitic layers. This limestone belt extends almost to 
the river at Great Barrington and Sheffield Plain. South of the 
village of Sheffield, however, the level expanse of the plain is 
broken by the occurrence along its eastern margin of low, sharp 
ridges trending northeasterly to northwesterly, and increasing in 
number as well as in height and breadth in going south. The 
area covered by these ridges begins at Sheffield where two nar- 
row ridges are separated by only a few hundred feet, and broad- 


ens steadily in going southward, thus narrowing the belt of lime- 


stone on its western border, and finally cutting it off near the 
village of Salisbury by making connection with the southeastern 
base of Mt. Washington. (Cf. Plate III. of Mt. Washington 
paper). Corresponding with the increase in breadth which 
characterizes the area in its southern portion, there is a marked 
increase both in the height and the width of the individual 
ridges. East of the Twin Lakes in Salisbury is Tom’s Hill, 
which rises to a height of over 1,200 feet, while further south, to 
the east of the village of Salisbury, is Barack M’Teth (1,300 
feet), and Watawanchu Mountain (1,300 feet), and farther east 
in about the latitude of Watawanchu Mountain is Mt. Pros- 
pect’ (1,460). This tongue of alternating schist ridges so 
sharply outlined, presents so much of unity in topographical and 
geological features as to be eminently suited to separate treat- 
ment. As the ridges are composed of the Riga and Everett 
Schists, the area is closely connected geologically with Mt. 
Washington. This paper is devoted to the consideration of 


‘To be distinguished from one of the northwest peaks of Mt. Washington which 


bears the same name. 
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the structure within this tongue-like area, which includes 
between twenty and twenty-five square miles. The field work 
was mainly done in 1888, though the southern portion of the 
area was revisited in 1891, when the writer was assisted by Mr. 
Louis Kahlenberg, and again in 1892 when he was assisted by 
Mr. H. J. Harris. The work has been in charge of Professor 
Pumpelly, then the head of the Archean Division of the U. S. 
Geological Survey. 

Views of Percival and Dana regarding the area —Though the 
map accompanying Percival’s report does not indicate the schist 
areas within the area which is under consideration, he several 
times mentions them in the text. One is surprised to find how 
accurate were his observations and how correct his views regard- 
ing the area, notwithstanding the limited facilities and unsatis- 
factory condition of his survey. The following extracts from 
his report’ contain the more important statements which he 
made having reference to this area. 

“It (the limestone) is accompanied throughout with Mica Slate some- 
times forming thin interposed beds, and at other times extensive ranges. The 
Mica Slate, in the vicinity of the limestone, particularly when interposed in 
thin layers in the beds of the latter, is very generally dark and plumbaginous, 
but occasionally light gray, as in the more extended ranges. These latter 
usually occupy high narrow abrupt ridges, sometimes quite isolated, and at 
other times in longer ranges, generally with an irregular outline.” (Pp. 
126-127). 

“A coarse dark Mica Slate, veined or knotted with quartz, and often 
abounding in staurotides and garnets, occurs especially in the north part of 
the ridge bounding, on the west, the valley south of Lime Rock village, 
(FP. 227). 

“The general surface of the valley, in the north part of Salisbury, in 
Canaan, and in the adjoining part of Massachusetts, is low and level, but 
traversed by ridges of Mica Slate, often high and abrupt, either isolated, or 
in long continuous ranges, the latter generally presenting a distinctly curved 
 (P. 129). 

“ Between these two branches? extends a series of Mica Slate ridges, con- 
tinued north from the ridge bounding the valley at Weed’s Quarry (KI.) on 


outline. 


* Report on the Geology of Connecticut, by James G. PercivaL, New Haven, 
1842, pp. 124-130. 


2Of the Housatonic Valley. 
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the west, in a very undulating course, and marked by several transverse 
depressions, to a high isolated summit," adjoining the north line of the east of 
the North Ponds? (Salisbury).”” (P. 129). 

In a paper read before the American Association in 18733 
Professor J. D. Dana quotes Percival as stating that the mica 
schist in which he found garnets in the township of Salisbury, is 
below the “Stockbridge or Canaan Limestone,” but giving it as 
his own view that the schist is the overlying rock. This observa- 
tion of Percival has considerable interest, for though the “ Stock- 
bridge or Canaan Limestone ”’ has been shown to consist of two 
members, one of which is below and the other above the Stauro- 
lite-bearing rock, it is probable that Percival discovered a locality 
at which the Riga Schist comes out from below the Egremont 
Limestone. 

On the map accompanying Professor Dana’s paper entitled 
Taconic Rocks and Stratigraphy,* a number of schist areas are 
represented within the area here treated, which he correctly 
described to be, in some cases at least, “isolated within the lime- 
stone area,—as isolated as islands in a sea.’”’5 He mentions 
eleven of them in Salisbury and eight in the part of Sheffield 
township just north. He believed that there is but one schist 
horizon, which overlies the limestone, and described three local- 
ities, nearly or quite within the area studied, to sustain his views. 
These are, (1) the hill three miles north of Gallows Hill (locality 


4, |. c., p. 213) where the schist “overlies the limestone”; (2) 
Turnip Rock (locality 5, |. c., p. 213) where schist overlies lime- 
stone in a shallow synclinal; and (3) Tom’s Hill in Salisbury, 
which is described as a very flat trough of schist toward the north, 
but developing farther south into an overturned synclinal with 
its axis dipping east (l. c., p. 214). The observations made by 


*Tom’s Hill. 

? Twin Lakes. 

3On Staurolite Crystals and Green Mountain Gneisses of the Silurian Age, by J. 
D. Dana. Proc. A. A. A. S., 22d (Portland) Meeting, 1875, p. B25. 


4American Journal of Science, Vol. XXIX., June, 1885. 


5 Amer. Jour. Sci., Vol. XXIX., March, 1885, p. 211. 
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the writer accord with those of Professor Dana in the second 
instance only, which relates to the upper or Everett schist mem- 
ber. As will be fully shown below, the other mentioned locali- 
ties have a much more complicated structure than was supposed 
by Professor Dana. 

LITHOLOGICAL CHARACTERS OF THE HORIZONS. 

As has already been stated, the horizons outcropping within 
this area all belong to the Mt. Washington series, viz.: The 
Canaan Dolomite, the Riga Schist, the Egremont Limestone, and 
the Everett Schist. The Canaan Dolmite seems to be for the 
most part a dolomite or dolomitic limestone, with more or less 
admixed quartz. A white pyroxene or salite is found to be com- 
mon in it in the vicinity of Canaan, and in the belts extending 
eastand northeast from that point. It has also been found at 
several localities in the vicinity of Lime Rock, but is only rarely 
seen west and southwest of that place. Tremolite is also found 
in this horizon, but as will be more fully explained beyond, this 
is largely restricted to a zone bordering the Housatonic River on 
the east. Masses of Canaanite are also found in this horizon, 
and as neither pyroxene nor tremolite has been found in the 
Egremont Limestone, their presence here is useful for purposes 
of identification. 

The Riga Schist within this area has the characters which 
distinguish it on Mount Washington. In most of the ridges 
where it occurs, garnets alone or garnets and staurolites have 
been found in it. They are most abundant and of largest dimen- 
sions in the ridge south of Twin Lakes Station, the ridge south 
of Chapinville Station, in Tom’s Hill and Mile’s Hill, in Mt. 
Prospect (south of the area here mapped), and in Barnard Mt. 
and Johnny’s Mt.* near Sheffield.* The mica is often a silvery 

- * These minerals were described from this locality in 1824 by Dr. Chester Dewey. 
Am. Journ. Sci., Vol. VIIL., p. 7. 

* Professor Dana has specially mentioned them from many of these localities. 
(l. c., p. 440). The increase in size of garnets and staurolite from Mt. Washington to 
the Housatonic, as described by him, has not been confirmed by this study. The 
largest that have been noted are from the south end of the ridge south of Chapinville 
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sericite and considerable graphite is sometimes associated 
with it. 

The Egremont Limestone resembles that found along the 
east base of Mt. Washington, its principal impurities being mus- 
covite and quartz. It contains locally important layers of cal- 
careous mica schist. In the vicinity of Twin Lakes, two distinct 
beds of the latter are made out, one immediately below the 
Everett Schist—a transitional zone—and the other lower down 
near the middle of the horizon. A third, less important and less 
constant, zone forms a transition from the Riga Schist to the 
Egremont Limestone. The upper of these layers forms the cap 
of Babe’s Hill (northeast of Washining Lake). The middle 
layer is also found in the same hill along the southwest base, and 
the lowest layer may be seen above the Riga Schist at the first 
road-corner northeast of Chapinville. Graphitic phases are found 
as a transitional zone between this horizon and the overlying 
Everett Schist in the northeastern part of the area, particularly 
in areas 16 and 25. 

The Everett Schist is not chloritic to any marked degree, as 
is so often the case on Mt. Washington, but is frequently 
sericitic, usually porphyritic from rounded eyes of feldspar, and 
frequently passes downward into graphitic schist. 


EXPLANATION OF MAP. 


The map which accompanies this paper (Plate V.) is based 
on the Sheffield and Cornwall sheets of the topographical atlas 
of the United States, by the U.S. Geological Survey, and is 
drawn on the same scale—1: 62,500, or one inch to the mile. 
It overlaps by about one half mile the map which accompanies 
the Mt. Washington paper. To bring as much of the area as 
possible on the page, the narrow northern portion is placed in 
one corner, its actual position being roughly indicated by the 
positions of the Housatonic Railroad and the large marsh to the 
west of it. Fig. 5 also extends the map some distance to the 
south. The area covered by the Egremont Limestone is left 
blank, while the Riga and Everett Schist areas are shaded, the 
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former being the darker. The more important of the schist 
areas have been given numbers from I to 38. An attempt has 
been made to indicate the geological structure on the map by the 
introduction of such of the important dip observations as the 
scale of the map will allow, as well as small arrows which indicate 
the inclination of the trough and crest-lines (pitch). The course 
of an important fault is traced along the east bank of the Housa- 


tonic River. 


GEOLOGICAL STRUCTURE OF THE AREA. 


Since the beginning of the study of the Green Mountains by 
the Archean Division of the Survey, Professor Pumpelly has 
emphasized the necessity of making careful observations of the 
pitch of flexures, in order to arrive at a complete knowledge of 


the geological structure. Observations of this character have 
furnished the key to the structure within the area here studied. 
The crest lines of the folds show considerable and frequently 


changing inclinations, but the beds have withstood the stress to 


which they have been subjected in this direction without disloca- 


tion, as there is no evidence of any cross faults. The disturb- 


ance which came from the east, and which developed the flex- 


ures, has been so great as to overturn most of them, so that their 


axes dip east, and locally to cause a disruption with the produc- 


tion of rather steep thrusts of small displacement. An important 


dislocation has occurred along the course of the Housatonic 
River, which has carried the Canaan Dolomite over the newer 


beds exposed west of the river. 

Structural features as shown in longitudinal sections —A glance 
at the map will show that all the important ridges, with the 
exception of Barack M‘Teth, Turnip Rock, and the Bear’s Den, 
are formed of the Riga Schist. The fact that these ridges 
steadily increase in height in going southward, as well as the 


tongue-shaped outline of the area, indicates that the general 
: pitch of the flexures is toward the north. This is in perfect 
accord with the fact that the folds in the main part of the Mt. 
Washington Mass have a northerly pitch. But although the 
general pitch within the area now under consideration is north- 
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erly, the local pitch* varies greatly both in degree 
and direction, and is as frequently southerly as 
northerly, as indicated by the arrows on the map. 
At the south base of Tom’s Hill the southerly 
pitch varies from 30° to 50°, and on the road 
cutting across the north foot.of Barack M‘Teth, 
beautiful corrugations in the Everett Schist pitch 
southward at as steep an angle as 50°. These 
corrugations are unsymmetrical, the west limbs 
being the shorter and steeper. The local varia- 
tions in pitch are strikingly indicated on the map 
by those ridges of schist which are arranged line- 
arly in the direction of the prevailing strike, being 
cut off from one another by limestone. The 
minor changes in pitch are further shown by 
variations in width of the ridges. Thus we find 
along the western margin of the area three marked 
undulations in the crest-line of an anticlinal of 
Riga Schist trending north-northeast. The north- 
ernmost is essentially the double undulation of 
Horse Hill and area No. 29, then follows the area 
northeast of Chapinville (14), and the area south 
of Chapinville Station (10). Fig. 1, which is a 
longitudinal section along this line, shows besides 
the three main undulations just mentioned, a num- 
ber of secondary waves of more or less importance. 
In Fig. 2 (A) these curves of the crest-line may 
be better observed. The manner in which this 
anticlinal ridge disappears near the southern limit 
of the map is shown in Fig. 1 of Plate VII. The 


«The pitch at any given locality is determined, either (1) by 
the direction in which the strike of the two limbs of a fold diverge 
in a synclinal fold or converge in an anticlinal fold; or (2), by the 
pitch of the plications in the schist. The harmony in direction and 
degree of inclination between the pitch of plications and that of 
the folds of which they are a part, was first suggested by Pro- 
fessor Pumpelly, and proven in the Greylock area. (Cf. T. Nelson 
Dale, Amer. Geologist, July, 1891). 
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ridge of Riga Schist is seen at A outlined from the surround- 
ing Egremont Limestone by a dotted and dashed line. At 
B and C are seen Turnip Rock and Barack M‘Teth, composed 
of Everett Schist. Between A and C the average strikes in the 
limestones are nearly east-west, and the dips (due entirely to 
pitch) about 30° south. Approaching Turnip Rock the strikes 
become northerly and the dips easterly, as the limestone mantles 
around the ridge A. 

A second elevated area of the Riga Schist having three 
principal undulations in the direction of its prevailing strike, 


Fic. 2. Diagrams illustrating some of the structural features of the area studied. 
A, Flexures in crest-line of the western ridge of Riga Schist. B, Flexures in Tom’s 
Hill and region to the west (from section F, Plate VI). C, Diagram showing the cor- 


rugated character of some of the smaller schist knolls near Salisbury. D, The same 


in section. E, Diagram showing the probable manner of development of small steep 


thrusts in the sharply folded region southeast of Tom’s Hill, and in Horse and Peck’s 
Hills. 


corresponding with the three undulations of the western schist 
anticlinal, is traced along the eastern margin of the district. The 


northern of its three undulations brings to the surface in Peck’s 


Hill, schist areas 26 and 19, and the accessory overturned and 
ruptured fold of areas 22—24; while the central undulation brings 
up in Miles Hill and Tom’s Hill schist areas 1 and 4, and the 
southernmost undulation develops the extensive schist areas south 
of Washining Lake (Area No. 6). The schist of Peck’s Hill 
disappears south of the swamp on the north base of the eleva- 


tion, but the narrower eastern fold reappears north of the swamp 


in Johnny’s Mount and Barnard Mount, where it, too, soon disap- 
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pears beneath the limestone as the most northerly outcrop of the 
Riga Schist. The southern limit of the central crest of the eastern 
undulation is at the south base of Tom’s Hill, where the schist 
disappears through a southerly pitch varying from 35° to 50°, 
allowing the Housatonic River to take at this point a south-south- 
westerly course after being carried to the eastward by the unyield- 
ing schist mass of the hill. The minor undulations of the 
crest-lines of flexures within the northern part of this eastern 
ridge, are beautifully shown, not only by the areal relations and 
by divergence of strike observations, but also by the pitch of the 
plications (cf. arrows on map). Within the central undulation 
( Miles Hill), the same feature is indicated in the small basins of 
limestone which are entirely enclosed within the boundaries of 
the Riga Schist. The triple undulation of the western ridge of 
the district has a perfect parallel on the east. To the southwest 
of Tom’s Hill just south of Washinee Lake appears an anticlinal 
of schist, which continues to rise and broaden in going south. 
The island in the lake is an anticlinal of the Egremont Limestone 
where it mantles over the ridge of schist. From below the schist 
anticlinal emerges the Canaan Dolomite near the southern margin 
of the map. As would be expected, the caps of Everett Schist 
which are found within the area studied, are widest opposite 
where the ridges of Riga Schist disappear, 2. ¢., where basins of 
quaquaversal synclinals are formed by the coincidence of longi- 
tudinal and transverse synclinals. 

Structural Features as shown in transverse sections.—The 
nature of the flexuring within the area studied is indicated in the 
series of sections (cf. Plate VI). The types are the unsymmetrical 
fold with shorter and steeper western limb, indicating an easterly 
dipping axis, and the overturned or reversed fold with easterly 
dipping axis less steep than the first. The western limb of the 
sharper reversed folds has been ruptured, in some cases producing 
rather steep thrusts of small displacement. The hade of these 
faults is about 45°. The main flexures carry also subordinate sys- 
tems of flexures. The areal geology of Horse Hill and Miles 
Hill in particular, shows that these properly secondary foldings 
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are corrugated by a tertiary system of small flexures, and exami- 
nation of the plications at localities usually reveals even a quar- 
ternary system of minor foldings. Many of the small knolls 
near Salisbury present a surface something like the half of a 
muskmelon, except that a section, instead of resembling an epicy- 
cloid, would be more like a sine curve developed on an arc (cf. 
Fig. 2 (C). Figure 2 (D) illustrates this structure as seen in 
the anticlinal ridge No. 6 south of Twin Lakes Station, and ina 
number of small hills near Salisbury. 

The Everett Schist occurs in caps or mantles which are for 
the most part shallow, nearly symmetrical, synclinals, as exhibited 


Fic. 3. View of Tom's Hill from the northwest, showing the serrated contour 
caused by the alternation of belts of schist and limestone. A, Tom’s Hill. B, North- 
east foot of Miles Hill. C, Cataan Mt. D, Babe’s Hill. 


in Turnip Rock (9), the cap on the southwest slope of Peck’s 
Hill (27), and the Washining Lake Mantle (5), the latter being 
a double synclinal, as shown by the anticlinal ridge which forms 

the island in the lake. 
Structure of Tom's Hill—The doubled-peaked elevation east 
of Washining Lake is a compound anticlinal of Riga Schist, 
t with two prominent crests appearing in Tom’s Hill and Miles 
/ Hill respectively. These anticlinals, like most others in this 
region, are pushed over to the westward. A number of subordi- 
nate anticlinals, likewise compressed and overturned and here 
f probably ruptured, are indicated on the map along the northern 
boundary of the Riga Schist by fingers of schist which protrude 
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into the limestone, as well as by the serrated contour of the ridge 
when seen from the northwest (cf. Fig. 3). Between Tom’s 
Hill and Miles Hill is a fold of Egremont Limestone over- 
turned to the west and enclosing a core of the Everett Schist. 
The islands of limestone inclosed in the schist of the eastern 
flank of Miles Hill, are the result of frequent alternations of 
pitch in small reversed folds which for a short distance have 
been ruptured. A stereogram showing the surface of the schist 
before it had been cut away by erosion would here present the 
characters of "a choppy sea (cf. Fig. 2 E.) These long alter- 
nating belts of schist and limestone on the southeast foot of the 
hill northwest of the railroad bridge (V on map), are indicated 
topographically by a series of low, sharp ridges which have 
gradual east and steep west slopes (cf. Plate VII., Fig. 2). 
Farther south, near the railroad bridge, the several schist ridges 
become fused together and show more symmetrical undulations. 
The dips are here uniformly east at anglés varying from 30° to 
50°, and the closeness with which the belts are crowded together 
allows insufficient room for the full thickness of the Egremont 
limestone of this vicinity. The indications therefore are that the 
folds have here been so sharply compressed that the beds have 
found relief in a slight dislocation or thrust, producing a struct- 
ure best illustrated in Fig. 2 (B), to which Suess has applied 
the term Schuppenstruktur,, and which I would term weather- 
board structure. It is probable that both the throw and dis- 
placement of these dislocations is very slight, being greatest 
where the crest-lines show an anticlinal structure and least where 
they show a synclinal structure. An attempt has been made to 
show the nature of these dislocations as they are supposed to 
occur on the southeast flank of Miles Hill (Fig. 2 E.) Owing 
to the covering of earth in the valleys, the course of the fault is 
not exposed. The only locality where the beginnings of such a 


*EDUARD Suess: Das Antlitz der Erde, Vol. L., p. 149. 

Gosselet has used structure ecailleuse (Ann. soc. geol. du Nord, Vol. XII., 1885, p. 
197) for similar structures, and Margerie recommends structure imbriguée (Margerie 
et Heim, Les dislocations de l’ecorce terrestre, Ziirich, 1888, p. 82). 
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fault have been actually observed in the rock exposure, is on the 
railroad a half mile southeast of the locality just described (S 
on map). The nature of the flexuring at this point is made 


Sections 
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clear in Fig. 4, which shows sections in Riga Schist and Egre- 
mont Limestone both northwest and southeast of the track, 
developed on the plane of the track. At the point A, a sharp 
overturned fold in the limestone shows unconformity with the 
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underlying schist through a slight fault. The marked difference 
between the sections north and south of the track is due to steep 
southerly pitch. 

The great Housatonic Fault—Enough has been presented in 
the Mt. Washington paper and in the present discussion, to show 
that the limestone of this region is divisible into two horizons— 
the Canaan Limestone or Dolomite, lower than the Riga Schist, 
and the Egremont Limestone above that schist. Additional 
evidence might be brought forward, if it were necessary, from 
the region lying to the southward in the vicinity of Limerock. 
As has also been stated, the Canaan Dolomite, particularly in the 
vicinity of Canaan and in the valleys east and northeast of there 
(Monterey, Mill River, Clayton, East Canaan), abounds in crys- 
tals of white pyroxene, which has never as yet been found in 
the Egremont Limestone. Hence this mineral has a certain value 
for purposes of identification, comparable with that of the garnet 
and staurolite of the Riga Schist. Masses of Canaanite also 
occur in it though absent from the Egremont Limestone. Early 
in this investigation, when the possibility of a differentiation of 
the limestone was only suspected, this lithological peculiarity 
was noted, but as the pyroxene-bearing limestone to the east- 
ward did not seem to be separated from the pyroxene-free lime- 
stone to the westward by any areal break, the question of 
divisibility was left open. It was, however, observed that the 
Housatonic river roughly outlined the westward extension of the 
pyroxene-Canaanite rock to the north of the interstate boundary. 
Another striking feature of this line is a ridge more or less pro- 
nounced, having its course along the banks of the river. In the 
southern half it follows the east bank of the river, but crosses it 
at the small hill called the “Cobble,” just northeast of Miles Hill, 
and to the north of that point borders the west bank." This 
ridge is composed of a rock which has not been found else- 
where in the region. It is a dolomite abounding in tremolite 
and containing layers of quartzite and quartzitic dolomite. Par- 


* The southern portion of this ridge (that east of the river) is the ridge mentioned 
as Canaanite on page 126 of Percival’s report. 
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ticularly along its west margin the rock is found to be seamed 
with vein quartz in every direction. These characters have not 
been found outside of the ridge, which is rarely over a quarter of 
a mile wide. The well known greenish tremolite of Canaan is 
from Maltby’s Quarry at the extreme south of this ridge. The 
rock was provisionally designated the tremolitic quartzitic lime- 
stone and its area was mapped. Sudden changes in the strike 
and dip of the beds were found to be particularly common in 
this ridge. 

Now that the stratigraphy has been determined, there seems 
to be no reason to doubt that this ridge marks the course of a 
great reversed fault, which in its upthrown limb brings the 
Canaan Dolomite against the newer beds in its western or under- 
thrown limb. The development of tremolite is ascribed to the 
profound shearing which has occurred along the fault plane, and 
the ragged dolomite filled with quartz veins to fracturing or 
crushing and recementing of the fragments by the silica of 
waters which have percolated along the fractures—in other 
words, it is a fault breccia. The ridge has survived as a topo- 
graphical feature, because of the framework of quartzite and vein 
quartz and the imbedded crystallized silicates in the dolomite. 
The fault line may be followed by these characters from near 
Sheffield village to Maltby’s Quarry, northwest of South Canaan, 
a distance of about ten miles. To the northward it probably 
connects with some of the faults of Vosburgh Hill, but its course 
here has not been followed. To the south of Maltby’s Quarry 
the fault is followed in the direction of the prevailing strike to 
the northeast base of the Cobble,’ which base it coincides with 
for some distance. This, as will be more fully shown later when 
that area is described, is indicated by the Cambrian Quartzite 
being absent, the actual contact of gneiss and apparently over- 
lying Canaan Dolomite being exposed. On the west base of 
this narrow hill, the quartzite is present separating the gneiss and 
dolomite, and it also runs around the north end of the hill to 


*At South Canaan. This is not the Cobble already referred to and located on the 
map (Cf. Plate V.) 
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stop abruptly at the northeast base. The well known white 
pyroxenes of Canaan come from the dolomite adjacent to the 


Fic. 5. Map and section of the vicinity of the Housatonic Fault, southwest of 
Canaan village. Scale and legend the same as in Plate V. 


fault line, on the road running immediately at the east base of 
this hill, and are much the largest that have been found in the 
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region. The fault probably extends a considerable distance 
farther to the southward but its course has not yet been traced. 
The northern course of the fault is indicated on the map. 

Starting at the Maltby Quarry, where the surface rock on 
both sides of the fault line is Canaan Dolomite, and going north- 
ward, to the west of the fault line the generally northerly pitch 
carries the beds lower and lower so that Egremont Limestone is 
met before Sheffield is reached. On the east, however, no such 
pitch exists, and Canaan Dolomite is the surface rock for the 
entire distance. The Riga Schist has not been found in actual 
outcrop’ abutting against the fault plane and separating the two 
calcareous horizons, but this is explained by the absence of out- 
crops along the river valley. The map and section in Fig. 5 are 
introduced to indicate how the Riga Schist is believed to meet 
the dolomite at the fault line. This map is drawn on the same 
scale and has the same legend as Plate V. An examination of 
Plate V. will show how the hard Riga Schist of Miles Hill has 
caused a deflection of the Housatonic River to the eastward in 
that vicinity. The important easterly deflection which exists in 
the vicinity of the Canaan Camp Ground (cf. Fig. 5) is believed 
to be caused in the same way. The low area between the river 
and the road to the west of this bend is bare of outcrops, but 
Riga Schist is encountered on the road and covers a considerable 
area west of it. On the east of the river at this bend the tremo- 
litic Canaan Limestone is encountered almost at the river’s bank. 
There seems, therefore, reason for believing that in this vicinity 
the fault follows the river and that the two rocks abut against 
one another at the fault plane. 

To the southward of the Maltby Quarry the fault is of a 
somewhat exceptional character, since the prevailing northerly 
pitch of the beds to the west of the fault line brings beds lower 
than the dolomite (First Cambrian Quartzite and then Cambrian 
Gneiss) to the surface in the Cobble. The upper limb of the 
fold is no longer the overthrown limb, but it is forced to a lower 
position. We have here, then, an example of a fault, which at 
the north is a rather steep overthrust with Canaan Dolomite over 
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Egremont Limestone, and at the south end a reversed fault with 
the same rock over Cambrian Gneiss. It follows that the throw 
varies most widely. At some fulcrum point, which must be near 
the Maltby Quarry, this is practically m/. To the north of that 
point, the western limb has been downthrown an amount which 
steadily increases in going north, till in the vicinity of Sheffield 
it can hardly be much less than a thousand feet. To the south- 
ward of the Maltby Quarry, the western limb has been upthrown 
and the amount of this upthrow at the Cobble must be several 
hundred feet. 

The occurrence of two very thin quartzite lenses, which 
follow a line parallel with the fault line along “ Silver Street” in 
Sheffield (Cf. Plate V.), is reason to believe that two secondary 
faults there run parallel to the main fault. 

Additional evidence of the main overthrust is the occurrence 
of numerous very large boulder-like masses of the tremolitic 
quartzitic dolomite, resting on the Riga Schist to the east of the 
road on the northeast flank of Miles Hill. It might be argued 
that they are of glacial origin, since the direction of glacial move- 
ment in this section is favorable, but they could only have come 
from a point just across the river, and such masses are not dis- 
tributed over the area to the southwest. Such masses are, how- 
ever, found in abundance along the eastern side of the overthrust 
for almost its entire length, and it therefore seems most probable 
that they are fracture blocks produced in the faulting, which 
have rounded through weathering, and as degradation has gone 
on, have settled down upon lower beds of the mother rock, and 
to some extent also upon the Riga Schist west of the river. 

This reversed fault presents some analogies with the over- 
thrust faults of the southern Appalachians described by Hayes," 
and those in New York described by Darton’, but the fault plane 


‘The Overthrust Faults of the Southern Appalachians, by C. W. Hayes. Bull. 
Geol. Soc. Am., Vol. 2, pp. 141-154, pls. 2-3. Cf. also Willis and Hayes, Am. Jour. 
Sci. (3) XLVI, pp. 257-268. Oct., 1893. 


?(On two Overthrusts in New York, by N. H. DARTON. Bull. Geol. Soc. Am., Vol. 4, 
pp. 436-439. 
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has here a steeper hade, so that the older dolomite has been car- 
ried only a short distance over the newer beds. 

Metamorphism along the fault-——Of considerable interest is the 
recrystallization which has taken place along the fault plane. The 
tremolite of the Housatonic ridge, and the large pyroxene crys- 
tals of the east base of the Cobble at South Canaan, must be 
explained in this way. The ragged quartzitic dolomite rock 
which characterizes the Housatonic ridge throughout its entire 
extent and is not found elsewhere in the region, is believed to 
owe its characters to a crushing along the fault and a recementing 
of the fragments by a vein quartz—it is in other words, a fault 
breccia. 

In the vicinity of the great thrust planes of the Northwest 
Highlands of Scotland, which have been so carefully studied by 
Geikie, Peach and Horne, and their associates of the Geological 
Survey of Scotland", schistose structure and new minerals have 
been developed by the shearing, micas, hornblende, actinolite 
and garnet being produced in this way’. Another instance of 
this sort is furnished by the overthrusts of the Rocky Mountains 
along the line of the Northern Pacific Railway. These thrusts 
have likewise produced metamorphism of the beds along the 
thrust planes, argillaceous layers being made schistose and lime- 
stones being whitened and cracked. 

Thickness of the Egremont Limestone.—\n the Mt. Washington 
paper, I have shown that the thickness of the Egremont Lime- 
stone in the southern portion of the summit plain is less than 
one hundred feet, and that a little farther south it probably dies out 
altogether. In the northern portions of that area, where it 

* The Crystalline Rocks of the Scottish Highlands, by ARCH. GEIKIE, B. N. PEACH, 
and JoHN HoRNeE. Nature, Vol. XXXL., pp. 29-35, Nov., 1884. 

Report on the Recent Work of the Geological Survey in the Northwest Highlands 
of Scotland, Based on the Field Notes and Maps of Messrs. B. N. Peach, J. Horne, W. 
Gunn, C. T. Clough, L. Huxman, and H. M. Cadell. Communicated by A. GEIKIE. 
Quart. Jour. Geol., Soc., London, Vol. XLIV., pp. 378-441, 1888. 

? Nature, Vol. XXXI, p. 35. 

3 Report on the Geological Features of a Portion of the Rocky Mountains, by R. G. 

McConneELL. Ann. Rep. Geol. Surv. Canada, (New Series) Vol. IL., 1886, p. D34. 
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attains a greater thickness, no measurements could be made, 
though it can safely be said that it does not exceed a few hun- 
dred feet. The relations made out in the area now under consid- 
eration, allow of a thickness which agrees well with that found in 
Mt. Washington. A locality which illustrates this will be here 
briefly mentioned, because the structure is so simple as to afford 
reliable results. The locality is a knoll called Pine Hill, lying at 


ot 


Fic. 6. View of Pine Hill on the southeast flank of Tom’s Hill, seen from a point 
to the west. A, Riga Schist. B, Pine Hill composed of Egremont Limestone. C, 
Approximate position of cap of Everett Schist. 


the southeast foot of Tom’s Hill south of the railroad. The dips 
are low, due entirely to pitch, and the thickness of the limestone 
less than 100 feet. (This locality is marked P on the map). 
North of the track (A in Fig. 6) is seen the Riga Schist pitching 
south at an angle of about 35°. Across the track and a little farther 
east is Pine Hill (B), composed of a pure, white limestone dipping 
conformably over the schist, and capped on its south slope by a 
thin layer of the Everett Schist. The outcrops of this rock are 
hidden in the view, but their approximate position is shown by C. 
The thickness of the Riga Schist and the Canaan Dolomite have 
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not been measured. The former probably has a thickness of much 
less than a thousand feet. A locality where the Canaan Dolomite 
appears below it in the core of a fold, is shown in Plate VII., 
Fig. 3. 

Conclusions.—Some of the results of this study may be sum- 
med up in the following statements : 

I. The district is geologically closely connected with Mt. 
Washington, and contains the same horizons, viz: Canaan Dolo- 
mite, Riga Schist, Egremont Limestone, and Everett Schist. 
For the most part the same general lithological features charac- 
terize these horizons as on Mt. Washington. Pyroxene is a charac- 
teristic mineral in the lower but absent from the upper calcareous 
member. Garnets and staurolites are abundant in the lower but 
absent from the upper schist member. Locally important beds 
of calcareous schist occur in the Egremont Limestone. The 
Everett Schist differs from much of that of Mt. Washington in 
being essentially non-chloritic. The Egremont Limestone has a 
thickness of less than 100 feet in the southern part of the area. 

II. The tongue-like outline of the area containing schist 
exposures is due to a general northerly pitch of the flexures to 
the west of the Housatonic River, though the local pitch of these 
flexures varies greatly and is as often south as north. Most of 
the prominent ridges are anticlinals of the Riga Schist, the few 
areas of Everett Schist being synclinals and largest where basins 
are formed by a coincidence of longitudinal and transverse syn- 
clinals. The schist areas exhibit an arrangement in four" east 
and west belts having each a width of about two miles, as the 
result of four marked undulations in the crest lines of the flex- 
ures. Particularly toward the north these belts are further sub- 
divided by a secondary series of undulations a half mile or more 
in width, and a tertiary series of yet smaller waves can in some 
cases be made out at localities. These facts show that the area 
has been subjected to compression in a north and south direction, 


*(1) Bear’s Den, Barnard Mt., and Johnny’s Mt.; (2) Horse Hill, Peck’s Hill, 
etc.; (3) Northern Chapinville area, Tom’s Hill, and Miles Hill; (4) Southern Cha- 


pinville area, and area No. 6. 
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as well as in an east and west direction. The compression from 
the north and south has produced no dislocation, as no transverse 
faults have been discovered. 

III. The rocks of this area have been very sharply folded. 
The types of folds are the unsymmetrical, with short and steep 
western and longer eastern limbs, and the overturned and sharply 
compressed fold with an easterly dipping axis. Reduced and 
ruptured underthrown limbs are not uncommon, but the evidence 
is that the extent and the throw of these minor faults is very 
slight. On the southeast flank of Tom’s Hill this has produced 
the structure which Suess has called Schuppenstruktur. 1 would 
suggest, as an English equivalent of this term, weather-board 
structure. 

IV. An important reversed fault, which has been tertnéd’ the 
Housatonic Fault, has a northerly course along the’*éasterr 
border of the area of schist ridges. Its course very néarly’ toin- 
cides with that of the Housatonic River for a considerable dis- 
tance. The fault is traced from near Sheffield village to beyond 
South Canaan, a distance of about twelve miles. North of the 
Maltby Quarry it has the characters of an overthrust which 
increases in throw in going north, owing to the northerly pitch 
of the beds to the west. This has carried the Canaan Dolomite 
of the eastern or normal limb over the newer Egremont Lime- 
stone and Everett Schist of the western reversed limb. South 
of the Maltby Quarry the western limb has been upthrown, 
bringing Cambrian Quartzite and Gneiss against the dolomite. 
The dolomite has been extensively crushed and metamorphosed 
along the fault plane. Tremolite and white pyroxene have been 
extensively developed in the vicinity of the fault plane, and 
vein quartz has cemented the dolomite fragments together, pro- 
ducing a fault breccia. 

It is very probable that the rapid alternations of pitch which 
characterize this area are not altogether unusual. It is only 
rarely, however, that the areal relations shed so much light upon 
the form of the crest lines and trough lines of folds. What 
has been set forth will, I think, show that evidences of general 
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pitch, to be reliable, must be based on observations made over a 
considerable area. Ws. H. Hosss. 
UNIVERSITY OF WISCONSIN, 
MADISON, WIs. 


EXPLANATION OF PLATES. 


PLATE V.—Geological Map of portions of Sheffield, Mass., and Salisbury, Conn., 
based on the Sheffield and Cornwall sheets of the Topographical Map of the United 
States by the U. S. Geological Survey. Scale 1: 62,500. 

PLATE VI.—Series of Geological Sections to accompany Plate V. Their location 
is indicated on the map (Plate V.) Horizontal Scale: one inch equals one mile. 
Vertical Scale: one-eighth inch equals five hundred feet. 

PLATE VII.—Fic. 1. View showing the southern termination of one of the longi- 
tudinal undulations of the western schist anticlinal, as seen from the west. A, South- 
ern limit of 1 ridge of Riga Schist (No. 10). B, Turnip Rock (Everett Schist). C, 
‘Barick M‘Teth (Everett Schist). D, Knoll of Riga Schist. E, Tom’s Hill in the 
distance... F, Ridge No. 6 (Riga Schist). The dotted and dashed line shows the 
approxjiate boundary between the Riga Schist and the Egremont Limestone, and the 
dotféd line the approximate boundary between the Egremont Limestone and the 
Everett Schist. 

Fic. 2. View of schist ridges separated by belts of limestone at the southeast base 
of Tom’s Hill near the railroad bridge. A, B, C, Schist ridges. D, Slope of Tom's 
Hill where a fourth schist belt is hidden in the trees. 


Fic. 3. Canaan Dolomite occupying the core of an anticlinal of Riga Schist at 
the south end of area No. 6. The view looks southeast. A, Outcrop of Riga Schist. 
B, Canaan Dolomite. C, Riga Schist. 


THE NEWTONVILLE SAND-PLAIN. 


1. Jntroducttion—During the past year the writer has studied 
the Newtonville (Massachusetts) sand-plain under Professor 
Davis, of Harvard University, and after studying the deposit as it 
now exists, made a detailed map of the plain with its feeding esker. 
Then a model of the region was made in clay on the scale of 
1:4000. This clay model was photographed, and is here repro- 
duced in half-tone, in Fig. 1, Newtonville Sand-plain. The con- 
ditions of formation were then studied, and a second model con- 
structed, showing a conjectural relation of deposits to the margin 
of the New England ice-sheet at the time of its formation. A 
photographic reproduction of this is given in Fig. 2, Ice-sheet 
Restored.* 

2. Making the models.—The clay was built up in a solid mass 
to the greatest required height, and the details of form were then 
cut with graving tools. In making such models it is essential 
that the foundation for the clay should be firm and not liable to 
warp. A slate slab, or a piece of heavy plate glass answers 
the purpose well. While at work on the model it is important 
to keep the clay moist. So a box lined with rubber cloth should 
be provided, large enough to cover the clay without touching it, 
and an inner layer of muslin put in to hold the water. When the 
model is ready to have a plaster mold made, the edges should be 
trimmed square, tapering slightly up from the slate so that the 
mold will slip off easily, the surface oiled, boards placed an inch 
and a half from the four sides, and liquid plaster poured over it. 
After the plaster has set, it may be wedged up from the slate or 
glass, and lifted from the clay. Then the plaster negativeshould 
be carefully washed with a brush to remove all oil or clay stick- 


* Teachers or others who desire copies of models, photographs, or lantern slides 
can arrange for them by corresponding with the writer. 
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ing to it, and when hardened with a thin solution of glue and 
dried it is ready for the taking of a paper positive. This papier- 
maché model is a close representation of the original clay. 

3. A late glacial deposit—A glance at the first model will 
show the typical fotm of these delta deposits, the esker like an 
arm, and the sand-plain like a hand with its finger lobes. The 
esker rises in height as it approaches the head of the plain. The 
top of the sand-plain slopes very gently downward from the head 
to the top of the lobes, but the front slopes of the lobes are much 
steeper, about twenty degrees. 

The sand and gravel are so little disturbed that the deposit 
cannot be pre-glacial. That the deposit was not made by marine 
or fluviatile action is shown by the three following considerations. 
First, an aqueous deposit of gravel, composed of fragments from 
the crystalline high-lands between twoand three miles to the north, 
should have extended originally from its source outward ; but 
the amount of denudation and transportation required to cut out 
these delta deposits from a continuous sheet extending across the 
Charles river to the crystalline highlands on the north, whence 
a large part of the fragments come, would be greater than the 
post-glacial denudation that has been measured elsewhere. 
Second, the delta front and the even sloping delta-plain imply 
standing water, and if this water level existed for so long a time 
as would be required to form such an extensive deposit, we 
should expect to find more evidence of its shore line in other 
localities than now exists. Third, the constructional forms, cusps, 
hollows, kettle-holes, at the head of the sand-plain are so marked 
that one cannot believe them to be the product of erosion. 
The kettle-holes and marshy depressions show that the plateau 
tops did not extend much farther than at present. 

The dwindling New England ice-sheet, whose existence is 
proved by other facts, supplies all the conditions necessary for 
the construction of such discontinuous deposits. The ice-sheet 
could not have advanced over the plain after its deposition, for 
the sand and gravel would have been easily carried away. There 
is no gullying of the sides of the sand-plain; therefore it was 


| 


805 


THE NEWTONVILLE SAND-PLAIN. 


|| 
= | 
Fic. 1. J 
i 
| 
W 


806 THE JOURNAL OF GEOLOGY. 


formed not so very long ago. But the gravel is evidently of glacial 
origin, being of angular and subangular pebbles, of great variety 
of material. The conclusion seems inevitable, therefore, that 
these deltas were formed during the retreat of the ice-sheet. 

4. Stagnant, melting ice —In the retreat of the ice-sheet there 
were parts at least which became too thin to move. As Professor 


Davis has said: 

During this time it must have melted irregularly, presenting a very uneven, 
ragged front, from which residual blocks may have been frequently isolated ; 
and it must have endured longest in the valleys, where it was thickest, not 
only by reason of its greater depth, but also because its surface there, where 
motion had been fastest and longest maintained, must have been higher than 
on the hills—this being homologous with the variation in the thickness of a 
Swiss valley glacier from middle to sides." 

It seems to me that we must consider the change to have 
been gradual from a moving glacier to a stagnant one, and that 
there may have been times of renewed activity with a forward 
motion, even in the period of decline. Such forward motion may 
have had some influence in shifting the course of esker rivers 
and so have determined where the next sand-plain was to be built. 
So far as I know, this point has not been worked out in the field. 

Crevasses are formed as the ice moves, and change their posi- 
tion according to the tensions in the mass of the glacier. When 
the tension from motion has ceased, and the ice has become a 
diminishing, drift-covered mass, the condition represented in 
Fig. 2, we should not expect to find any crevasses remaining. 
They would either have been closed by the forward motion of 
the ice, or would have lost their distinctive character by the 
excessive melting of their sides, while the water would have 
washed detritus into them covering the underlying ice, and pre- 
venting it from melting as fast as that on either side. Such 
protection of the ice by detritus must have had great influence in 
determining the surface forms of the stagnant ice-sheet, as is 
shown in Professor Russell’s account of the sand cones and the 


deposits in glacial lakelets. 


* Bull. Geol. Soc. of Am., Vol. I., p. 196. 


| 
| 
| 
4 
| 
i] 
| 
| 
| 


THE NEWTONVILLE SAND-PLAIN. 807 


5. Comparison of models—Turning from Fig. 1, which shows 
the deposits as they exist to-day, to Fig. 2, which shows the 
theoretical conditions of formation, it will be seen that the north- 
ern half is covered with ice, from which is issuing an esker river. 
The ice in the second is represented as fitting into the inter- 
cuspate hollows shown at the head of the sand-plain in the first 
model, and is from one hundred to three hundred and fifty feet 
thick. Toward the rock hills on the east and west it falls off, as 
would be the case where the ground was higher. The ice has a 
convex curving surface in front, with contours softened by melt- 
ing, while on top it is approximately level with here and there 
surface streams, moulins, and perhaps a little lake. 

The three little knobs of older date than the sand-plain 
standing near its front margin, can be seen in both models. The 
till-covered hills of bed rock are also the same in the two, but in 
the second the water stands higher up on their sides. The 
second model being a trifle larger, a little more of them is shown 
on the edges. The group of hummocky kames, shown to the 
southwest of the sand-plain in the first model, is covered in the 
second by the body of standing water into which the esker river 
flowed. 

6. Esker river.—Professor Chamberlin has given us the very 
helpful distinction between “kame” and “esker” (osar), from 
the use of the words in Scotland and Ireland respectively. The 
former is used by the Scotch for their irregular mounds and hil- 
locks, so typically shown in that country, and which, if developed 
at all in lines, have their axes at right angles to the direction of 
ice flow; and the latter for the Irish ridges of sand and gravel, 
beds of former glacial rivers, which have their axes parallel to 
the lines of motion in the ice. This terminology is here followed. 

In the first model the esker, a ridge of sand and gravel, fairly 
stratified, may be traced from the middle of the northern end, 
where it is some ten to twenty feet high, curving eastward and 
then southward again, gently rising to some seventy feet above 
the alluvial plain shown on the northwest corner of the model of 
the sand-plain, and one hundred and thirty feet above mean tide. 
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Then it falls ten feet, and, curving a little to the west, rises thirty 
feet to where it reaches its greatest elevation, one hundred and 
fifty feet above mean tide. This is also the elevation of the 
front of the sand-plain. At this point it breaks up into several 
more or less clearly defined branches, which distribute the sand 
to build up the delta in the estuary. 

These branches fall off in height towards the head of the sand- 
plain, as is often seen in similar deposits elsewhere. As it has been 
shown that the amount of post-glacial erosion has been small, 
this depression must be due to conditions existing while the ice 
was present. The first model shows a large kettle now occupied 
by a pond which lies north of the sand-plain and east of the 
esker. This depression, being filled with ice after the course of 
the esker river was changed, must have had an outlet, and as the 
main body of ice would have prevented the formation of an out- 
let on the north, it seems reasonable to suppose that this water 
quietly cut through a slight sag in the esker to the west. This 
cutting would have continued until the ice-sheet had retreated 
farther north, and the ice block in the kettle had melted, and its 
depth would be governed by the amount of the lowering of the 
water in the estuary, caused by rising of the land, 

Two branches from near the north end of the esker run into 
cusps at the head of a second smaller sand-plain deposit, formed 
when the ice-front had retreated some two thousand feet, and 
while the ice remained at this second point there would have 
been no outlet for the water to the north. The frontal lobes of 
this second sand-plain are not at all typically developed. 

7. Delta streams.—In front of the openings of the esker tun- 
nels will be seen the depositing streams breaking up into many 
branches, as Professor Russell has described them in Alaska’. 
Some of them are represented as having already ceased to 
flow to the edge of the delta, and are fast filling up; others 
are pushing out their resulting lobes as far as they can reach; 
while a third class are supplying detritus to those in front, and 
are building up their channels to give themselves greater carry- 


*See Malaspina Glacier, page 238. 
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ing power by increasing their slopes. The front lobes are too 
strongly shown in the photograph, Fig. 2, as they were left to 
show the limits of the delta. In the papier-maché copies, the 
water completely covers the slopes of the lobes. 

On this deposit, which is 4000 feet from east to west, and 
2000 to 3000 feet from north to south, there is only one small ket- 
tle-hole. This lack of kettle-holes,so abundant elsewhere, may 
be taken as an indication that the ice-sheet was comparatively 
continuous at this time. It evidently became more broken 
immediately after the course of the esker stream was changed, 
as there are several kettle-holes to the north of the sand-plain. 

8. Superglacial streams.—These are represented on the model 
as smaller than the main channels below, and more inconstant in 
direction. Their development after the closing up of the cre- 
vasses has been made the subject of special study, and its results 
are shown on the model. Other conceptions of this surface will 
no doubt occur to many, and any criticism or suggestion will be 
gladly received. One of the processes that has been a promi- 
nent factor in the determination of the form of the surface is 
that described above, where the detritus in the bed of the stream 
protects the underlying ice. Little accidents of melting and 
washing would shift the course of these streams, so that the 
arrangement of them upon the surface would not be shown by 
any deposits to-day. As soon as one of these streams found an 
opening through the ice, a moulin would be formed. 

9g. Moulins and kames—In the second model I have made 
moulins in the ice-sheet above the kames in the first model, 
though I should not like to be understood as affirming that all 
these kames were surely formed in this way. It is quite proba- 
ble that further study would show facts pointing to several gen- 
eses. Professor Chamberlin says, in speaking of the formation 
of similar deposits : 

“ No existing agency, by any extension of its magnitude, is at all compe- 
tent to account for their localization. The formative agency, or combination 


of agencies, must have produced, at once, local assortment and local heaping 
of the assorted material, or, in other words, the assorting waters must have 
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been confined and concentrated in their derivative action, and likewise con- 
strained so as to heap their material into tumuli, whose location was deter- 
mined by the constraining agency more than by any feature of the local 
topography or other present condition." 


That some kames are moulin-kames seems to be undoubted, 
and perhaps we may best picture to our minds their formation 
by turning an hour-glass and watch the sand heap itself up. A 
certain amount of stratification will take place in air, which would 
be increased when the air is replaced by water. 

10. Shore-line.—With the working hypothesis that this sand- 
plain was formed in a body of standing water, I reached the con- 
clusion that it was at the head of an estuary. With the existing 
topography to the south it is almost impossible to conceive of 
the water as having been enclosed. Such a pond would require 
too many dams not now existing. If one accepts the delta front 
as proof of a body of standing water, he seems forced to con- 
clude, on looking over the ground, that the Newtonville sand- 
plain was built in an arm of the sea. If so, the estuary must 
have connected with the Atlantic along the present course of 
the Charles river and through Mother brook to the Neponset. 
It must have had a very temporary shore-line at any given level, 
as there is hardly a trace of it now on the till-covered slopes, 
except in one place on the east bank of the Charles river, about 
a mile southeast of Newton Upper Falls where Dr. T. W. Harris 
found a faint cliff, as if made by shore cutting, with a long, 
gently shelving slope below it. In representing this shore-line 
on the second model, I have tried to show no beach effect, but 
to indicate that the land was but recently submerged, and that 
the water conformed to the contour of the till-covered slopes. 

11. Relation to other sand-plains—The intimate connection 
between the Newtonville sand-plain and the one immediately to 
the north of it, branches of the same esker running to each, sug- 
gests a connection of this bit of the history of our New England 
ice-sheet with other portions. Were the Auburndale sand-plains 
formed before or after the Newtonville? What other esker 


* Am. Jour. of Sci., 1884, p. 381. 
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rivers emptied into this estuary ? When should we expect to 
find terraces on either side of a sand-plain, as at Pawtucket, 
R. I.? Why are not sand-plains of more frequent occurrence 
throughout the area covered by the ice-sheet ? These and many 
other questions are suggested as we study the details of the ice’s 
work. Their answers await the future study and research of 
those local observers, who will make themselves familiar with 
the geographic forms of their own regions. 
F. P. GuLiiver. 
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THE STRUCTURES, ORIGIN, AND NOMENCLATURE 
OF THE ACID VOLCANIC ROCKS OF SOUTH 
MOUNTAIN. 


THE identification of acid and basic volcanic rocks in the 
South Mountain, Pennsylvania, has already been announced." 
This announcement has been further substantiated by detailed 
petrographical study which it will be the purpose of a later com- 
munication to discuss. The present discussion of these rocks 
will be limited to the acid volcanics, and its object will be; a) to 
show that the acid volcanics were originally identical with their 
recent volcanic analogues; b) to further show that their present 
differences are due to changes subsequent to solidification, chief 
among which has been devitrification ; and c) to propose a name 
for them that shall express these facts. The structures, which 
will be described in the course of the paper, will be considered 
a sufficient guarantee of the igneous origin of the rocks which 
possess them, without further proof on that point. 

Three distinct rock types have been recognized in the South 
Mountain. (1) A silicious sedimentary formation, represented 
by a quartzose conglomerate, a sandstone, and a compact quartz- 
ite. This is rarely accompanied by an interbedded argillaceous 
slate. The age of these sediments has been recently deter- 
mined as lower-Cambrian by Mr. Walcott? from the discovery of 
fossils in the interbedded slates. Underlying these Cambrian 
sediments, but exposed by erosion for many square miles 
(150-175), are two types of volcanic rocks, distinctly different 
in chemical composition but affected by like conditions of con- 

*G. H. WituiaMs: The Volcanic Rocks of South Mountain, in Pennsylvania and 
Maryland. Am. Jour. Sc., XLIV., Dec., 1892, pp. 482-496, pl. I. The Scientific 
American, Jan. 14, 1893. 


?C, D. WaLcotT: Notes on the Cambrian Rocks of Pennsylvania and Maryland 
from the Susquehanna to the Potomac. Am. Jour. Sc., Vol. XLIV., Dec. 1892, p. 481. 
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solidation and subsequent alterations. (2) In the northern part 
of the range a brilliantly colored acid volcanic rock predomi- 
nates. It is porphyritic or non-porphyritic, amygdaloidal or 
compact. It is accompanied by pyroclastics and breccias. It 
is sometimes sheared into a fissile slate or sericite schist. (3) 
Toward the south and extending into Maryland a dark green 
basic volcanic rock predominates. This is also amygdaloidal or 
compact, accompanied by pyroclastics or breccias, and usually 
rendered schistose by pressure. 

The acid volcanics—While some of the acid volcanics are 
typical quartz-porphyries, others possess a groundmass which, 
although holocrystalline, contain the evidence of a distinctly dif- 
ferent original character. It it this important portion of the acid 
flow, which will be more particularly treated in what follows. 
Certain conspicuous structures of the groundmass contain the 
history of the rock and merit a detailed description. 

Fluidal structure —The fluidal structure, which is a familiar 
one to all students of rhyolitic lavas, isa marked feature of these 
pre-Cambrian volcanics» Delicate lines of flow are brought out 
in great detail by weathering or are painted in brilliant colors in 
the material washed by the mountain brooks. The microscope 
shows globulites of magnetite, and hematite, and indefinite 
opaque microlites following sinuous lines of flow, twisting around 
the phenocrysts and imparting to them the appearance of eyes. 

Micropotkilitic structure*—This name has been given to a 
structure which is almost universally present in the acid and 
more rarely in the basic volcanics of the South Mountain. It 
consists in the presence in the groundmass of irregular quartz 
areas enclosing micolites of lath-shaped feldspars or other min- 
erals with independent optical orientation. This structure 
between crossed nicols gives a pronounced mottled or patchy 
appearance to the groundmass, an appearance which has not 
infrequently been noted in volcanics of all ages. It has been 
variously described, usually without being named, in quartz- 


*G. H. WiLLiAMs: On the Use of the Terms Poikilitic and Micropoikilitic in 
Petrography. Jour. of Geol., Vol. 1, No. 2, February-March, 1893, pp. 176-179. 
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porphyries, felsites, porphrites, peridotites, and rhyolites by 
numerous writers.*. This structure was also found in the pre-Cam- 
brian felsite of Georgia,? and in felsites of the same age in the 
neighborhood of Boston,3 and from Marblehead Neck, Mass. 
While the term micropoikilitic is not restricted to a quartz- 
feldspar intergrowth, in most of the occurrences described these 
have been the component minerals. Inthe rocks under dis- 
cussion the feldspathic material is often so abundant as not to 
permit of the determination of the mineral character of the host. 
In such cases, however, a clue to the nature of the cementing 
material is found in its optical continuity with the porphyritical 
quartz. The feldspar phenocrysts, on the other hand, do not 


*R. D. InvinG: Monograph V., U. S. G. S., Copper-bearing Rocks of the Lake 
Superior Region, pp. 99-100, Pl. XIII., Fig. 13-14, 1883. 

G. H. WitiiaMs: Neues Jahrbuch fiir Min., etc. B. B. II. 1882, S. 607, Pl. XIL, 
Fig. 3. The Peridotites of the Courtland series. Am. Jour. Sc., Vol. XXX., p. 30, Vol. 
XXXIIL, p. 139. 

E. HaworTH: A Contribution to the Archean Geology of Missouri, Am. Geol., 
1888, Vol. I., p. 368, Figs. 1 and 2, Pl. I. 

WHITMAN Cross: On some Eruptive Rocks from Custer Co., Colorado. Proc. 
Col. Sc. Soc., Vol. I1., 1888, pp. 232, 242. 

On a series of peculiar schists near Salida,Col. Proc. Col. Sc. Soc., Jan., 1893, p. 8. 

J. P. Ipp1ncs: The Eruptive Rocks of Electric Peak and Sepulchre Mountain, 
Y.N.P. 12th Ann. Rep. U. S.G.S., pp. 589, 646. 

WALDEMAR LINDGREN: A Sodalite Syenite and other Rocks from Montana. 
Am. Jour. Sc. (3), Vol. XLV., April, 1893, p. 287. 

J. S. DILLER: Mica-peridotite from Kentucky. Am. Jour. Sc. (3), Vol. XLIV., 
Oct., 1892, p. 287. 

J. J. Harris TEALL: British Petrography, 1888, p. 337. 

ALFRED HARKER: Bala Volcanic Series of Rocks, pp. 23, 53, 54. 

A. C. BROGGER: Der Mineralien der Syenitpegmatitgange der siidnorwegischen 
Augit- und Nephelinsyenit. Groth’s Zeitseh. fiir Krys., etc., Vol. XLV., p. 546. 

Ortro NORDENSKJOLD: Ziir Kentniss der s. g. Hiilleflinta des Nérdostlichen 
Smalands. Bull. Geo. Ins. Upsala, No.1, Vol. L., 1893, p. 232. 


? A section of this felsite, loaned by Professor Pirsson, possesses an interesting and 
striking resemblance to the South Mountain acid volcanics, and indicates the south- 
ward persistence of this rock type. 


3Thin sections of these felsites were kindly loaned by Mr. Diller. They have 
many microscopic features in common with the South Mountain rocks, and like them 
were first referred to a sedimentary origin. J. S. DILLER: Felsites and their asso- 
ciated Rocks north of Boston. Proc. Bos. Soc. Nat. His., Vol. XX., Jan. 21, 1880. 
Bull. Mus. Comp. Zodl., Harvard College, whole series Vol. XII., Geol.*series Vol. 1. 
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affect the orientation of the cement. Where the rock is coarser 
grained, as is the case in some of the basic volcanics, the charac- 
ter of the cement can be directly tested and the material proved 
to be quartz. 

While in some cases this structure is undoubtedly of primary 
character, as Professor Iddings considers it to be in many 
porphyrites, ina large class of rocks its secondary origin seems 
equally plain. Dr. Irving, who very early described this struc- 
ture in the acid lava flows of the Keweenawan series, thus speaks 
of its origin.* ‘Whether this secondary quartz may ever be 
rather a result of devitrification than a truly secondary or alter- 
ation-product I have no means of deciding, though it is certainly 
the latter often, and I should suppose always. It surely can 
have no connection with the original solidification of the rock.” 
Observations made on the South Mountain rocks likewise point 
toa secondary origin for these quartz areas. As the origin of 
the structure is of importance in its bearing on the question of 
the primary or secondary character of the crystalline ground- 
mass, these observations will be briefly mentioned. In a speci- 
men of basic lava from the railroad tunnel near Monterey the 
outline of lath-shaped feldspars forming an ophitic structure, 
which is undoubtedly original, is completely preserved. None 
of the original constituents of the rock remain, however, unless 
some of the titaniferous iron oxide is original. The rock con- 
sists entirely of quartz, epidote, magnetite (or ilmenite), and 
leucoxene. The quartz acts as a cement for the other minerals, 
forming irregular interlocking areas which are quite similar to 
the micropoikilitic areas of the acid rocks and which produce in 
polarized light the familiar patchy effects. Fine cracks traversing 
the rock, and parting the ferro-magnesian phenocrysts (now repre- 
sented by epidote) are plainly prior to the quartz areas in which 
they become invisible. There can be no question as to the 
secondary character of the micropoikilitic structure in this case. 

In the acid rocks the quartz areas are frequently more or less 
oval and outlined by a microfluidal arrangement of globulites, 


‘Opus cit., p. 100. 
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longulites and trichites of iron oxide. Zirkel figures and 
describes a similar appearance in the rhyolites of the 4oth 
parallel... He speaks of faint granular lines “which by their 
fluidal running form a net with a multitude of meshes of oval 
shape.” The meshes are filled by one of two types of crystalli- 
zation, the micro-felsitic or the spherulitic. The lines suggested 
to Zirkel perlitic parting. In the ancient lavas of South Moun- 
tain the meshes are filled by the micropoikilitic areas or by 
spherulitic crystallization or by intermediate stages of altera- 
tion, that is, spherulites more or less broken up into micro- 
poikilitic areas. In the trichitic spherulites of the modern 
rhyolites* there is an appearance similar to the micropoikilitic 
mottling, caused by the breaking up of the radiating spherulitic 
fibers into irregular areas which extinguish differently ; just such 
an intermediate stage between the spherulitic and a completely 
micropoikilitic crystallization as has been noted in the ancient 
volcanics. These observations suggest that the micropoikilitic 
structure represents recrystallized spherulitic growths when it is 
not the direct results of infiltration and devitrification. In many 
cases, the crystallization has undoubtedly never been spherulitic, 
if however, the micropoikilitic structure has been shown to be 
subsequent to spherulitic crystallization, that is, to the consolida- 
tion of the rock in numerous instances in the acid volcanics, 
selected from widely separated localities in the South Mountain, 
the presumption favors the secondary origin of the micropoikilitic 
structure wherever present in these rocks. 

Spherulitic structure —Two sorts of spherulitic crystallization 
are present in these rocks. They differ in no essential respect 
but are unlike in appearance. The most numerous spherulites 
are also the simplest and smallest. They are colorless micro- 
scopic spheres, scarcely or not at all perceptible in ordinary light 
but showing the usual distinct dark cross between nicols. Spheru- 


* Vol. VI, Geo. Exp. of the goth parallel, Fig. 1, Pl. VI., Fig. 1, Pl. VIII. 


2Sections of material from the Rosita Hills, Colorado, and of the Obsidian Cliff, 
Y.N.P., were kindly loaned the writer for comparative study by Dr. Cross and Pro- 


fessor Iddings. 
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lites, in every respect similar, have been described and figured 
by Professor Iddings from the Yellowstone Park rhyolites.* 
While it is not impossible that some of the colorless spherulites 
are secondary, there is pretty good evidence that many, if not 
all of them, are primary. These spherulites are embedded in a 
base which suggests in every way a former glassy condition. In 
ordinary light there is no appearance of crystallization except 
the porphyritical. Traversing the groundmass are cracks which 
occasionally cut directly through a spherulite. Between crossed 
nicols the field breaks up into a holocrystalline quartz-feldspar 
mosaic in which the cracks are lost. It seems fair to conclude 
that the spherulitic crystallization was prior to the cracking, that 
the granular crystallization is subsequent, and that the cracking 
took place in an already solidified glass. In these facts we 
again find obvious indications of a secondary crystallization. In 
this case the process seems to have been one of devitrification. 
The other class of spherulites corresponds to those figured by 
Professor Iddings in Plate XVII.2 They are much larger than 
those which have just been described ; the smallest being easily 
discernible by the unaided eye, and the largest about the size of 
a butternut. Hence they become a conspicuous feature of the 
rock as exhibited in the field. They are rarely altogether absent, 
and in some localities are crowded so close together as to consti- 
tute the major part of the rock mass. When without regularity 
of arrangement, and when brought out in relief by weathering, 
these spherulites give to the rock a superficial resemblance to a 
conglomerate composed of rounded pebbles of uniform size and 
shape. The rich greys, blues, purple and red of the spherulites 
and matrix render this a conspicuous rock. 

Spherulites become an even more striking feature of these 
rocks when arranged in layers such as have been described in 
the modern rhyolites of the Yellowstone National Park. Ona 
face of the rock normal to the layers, they appear as long 


*Opus cit., Pl. XVIL., p. 276. 
* Opus cit. p. 277. 
3IDDINGS: opus cit. p. 276, Pl. XVIII. 
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parallel bands simulating lines of bedding. Sometimes these 
bands are 4 m. m. wide, at a nearly uniform distance apart and 
of an indefinite length. In other cases they are very narrow, 
dwindling into mere lines and dying out, to be replaced immedi- 
ately by other lenticular bands. The rock cleaves readily 
parallel to the planes of these bands, which have become planes 
of weakness and solution, and the spherulites are entirely 
replaced by secondary silica. This fact, imparting to the bands 
an opaque white color, render them the more conspicuous in 
contrast with the blues or reds of the rock surface. 

The spherulites which remain unaltered show in the thin sec- 
tion clear cut, circular, semicircular, and fan-shaped outlines, and 
are colored purple or red by finely disseminated particles arranged 
either radially or concentrically in threefold zones. Feldspar 
phenocrysts often occupy the center of the radial growth. These 
well preserved spherulites are associated with a groundmass 
which preserves the characteristics of a glass in great perfection, 
and which, in ordinary light, could readily be mistaken for a fresh 
glassy lava. It bears the closest resemblance to the base of 
some of the Colorado rhyolites. Delicate perlitic parting, which 
because of its delicacy is usually obliterated, is here preserved in 
wonderful detail. The presence of innumerable globulites accen- 
tuates the perlitic and rhyolitic structures. With crossed nicols 
the aspect of the groundmass completely alters. All glassy 
structures disappear, to be replaced by granular quartz and 
feldspar. 

It is impossible by any description to carry the definiteness 
of conviction as to the original glassy nature of the groundmass 
which the character of such rock-sections justifies. To one who 
has studied them in both ordinary and polarized light there can 
be no question as to the secondary character of the holocrystal- 
line groundmass. One cannot escape the conviction that the 
rock originally consolidated as a spherulitic perlite, and has 
become holocrystalline by a process of devitrification. 

Associated with a groundmass, whose early glassy condition is 
not so strongly marked, are the altered spherulites. Their spherical 
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shape in the hand specimen and their sharply defined outline in 
the thin section in ordinary light alone testify to their former 
presence. With crossed nicols these boundaries become incon- 
spicuous, and the field of the microscope shows only a uniform 
quartz-feldspar mosaic. The crystallization within the spheru- 
litic boundary is sometimes finer grained than that of the ground- 
mass, or the micropoikilitic structure is present in the former 
when absent from the latter, otherwise the spherulite is in no 
way distinguished from the groundmass. In the case of the 
chain spherulites the alteration is complete and universal. There 
is, in ordinary light, an impressive similarity with the fresh chain 
spherulites of the Yellowstone Obsidian. The same irregularly 
scalloped outline, the same central chain of clear spherules. With 
crossed nicols the close similarity vanishes, for in the ancient 
rocks the radial growth has utterly disappeared. The clear 
spherules are composed of finely granular quartz while the sin- 
uous border is not to be distinguished from the quartz-feldspar 
groundmass. 

Axiolitic structure —Closely related genetically to the chain 
spherulites, but unlike them in being linearly radial rather than 
centrally, is the axiolitic formation.‘ These have been described 
in rhyolites and occur somewhat sparingly in their ancient proto- 
types of the South Mountain. 

Rhyolitic structure —The sections in which the axiolites were 
observed possess a holocrystalline character, but exhibit in 
ordinary light flow and vesicular structures, together with string- 
ers and shreds and curved patches of a brownish red color form- 
ing what has been called a rhyolitic structure. This latter 
structure, which has been figured and described by Rutley, 
Nordenskjéd,3 and Vallée-Poussin,s and on a _ macroscopic 


* ZIRKEL : opus cit. p. 167. 


?RuTLEY: On the Microscopic Structure of Devitrified Rocks from Beddgelert 
and Snowden. Q. J. G. S., Vol. XXXVIL, 1881, p. 406, Fig. 1-2. 


3 NORDENSKJOLD: opus cit., p. 5. 


4VALLEE-PoussIN: Les Anciennes Rhyolites dites Eurites de Grand-Manil. 
Bull. de L’Acad Roy. de Belgique, 3d series, Tome 10, 1885, p. 271. 
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scale by Irving,’ is essentially nothing else than a special phase 
of the fluidal structure, a phase peculiar to flowage in lava consol- 
idating with extreme rapidity, that is, in an acid glass. The 
granular crystallization has developed with entire disregard to 
these curved patches, shreds and stringers. 

Lithophysal structure —Often the macroscopic features of the 
South Mountain acid volcanics disclose their original character 
more convincingly than does the microscope. Lithophysz are 
one of the structures which are best revealed in the hand- 
specimen, where they are brought out in delicate relief by 
weathering. The rose-pink petals of the lithophysz in a paler 
pink base produce quite as beautiful specimens of this glassy 
structure as any rhyolite shows. The micro-pegmatitic structure 
shows itself in microscopic pegmatoid groups of phenocrysts 
such as are found in the Yellowstone rhyolites.* 

Perlitic parting. —That this structure is occasionally present in 
the South Mountain rocks in great perfection has already been 
noted. While its presence is a most reliable test of the former 
character of the rock, its absence furnishes no evidence against 
the previous glassy condition of the rock, both because many 
recent rhyolites show no trace of that structure and because it is 
most readily effaced by devitrification. 

Amygdaloidal structure —In some localities the acid volcanics 
are conspicuously amygdaloidal. The bright green amygdules 
of epidote in a pale pink matrix render this rock strikingly 
handsome. In a few instances} the vesicles, which, as seen 
under the microscope, are bordered by a broad rim, like the 
ground-mass in crystallization, but are separated from it by a 
clear zone of silica and are darkened by an abundance of black 
iron oxide, bear on the inner edge of this border spherulitic 
growths. These are surrounded by a clear zone of silica while 
the center of the vesicle is filled either with an opaque black 


1 IRVING: opus cit., pp. 312-313, Fig. 22. 
?IDDINGS: opus cit., p. 275, Pl. XV., Fig. 5. 
3In specimens from Racoon Creek at the east base of Piney Mountain, south of 
Caledonia Furnace. 
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oxide or with granular quartz. Crossed nicols show that the 
| spherulites are oriented optically with the surrounding silica, and 
j that the preservation of the radiate structure is due to the arrange- 
| ment of impurities. The appearance of these vesicles is very 
| like those figured by Professor Cole," who explains their forma- 

tion by a dual mode of growth—a growth from the groundmass 

outward converging toward a center, as well as from the center. 
| Whatever may be the facts with reference to the Roche Rosse 
| Obsidians, it is not necessary to call into play an abnormal 
| method of crystallization to explain the phenomena observed in 

the South Mountain rocks. The spherulites projecting into the 

vesicles, with their bases sunk into its wall, were recognized by 
. Professor Iddings, who kindly examined the sections, as tridy- 
| mite spherulites, such as form on the walls of vesicular cavities 


in all modern lavas. 
Taxitic structure —Still another structure which the South 


Mountain rocks possess in common with rhyolites is what has 
been called the taxitic. This consists in the intimate mingling 
of two portions of the magma, which, from some cause (liqua- 
tion), are slightly differentiated. The iron constituent, which 
evidently separated out in the original glass, has been still 
further crowded into bands and curved lines by the secondary 
crystallization. The result is the production in some cases of 


} an irregular mottling: atexites; and in other cases of a more or 
less complex network of interlacing bands following lines of flow: 
eutaxites. This mottling and banding is rendered the more 
striking by a marked contrast in color. The body of the rock 
is light gray or pink, and the lines dark blue, gray or red, 
according as the iron is more or less oxidized. When the iron 
constituent is arranged in oval or spherical outlines, denoting the 
former presence of spherulites, the rock may properly be termed 
a spherotaxite.* 


"GRENVILLE A. J. CoLe and GERARD W. BUTLER: on the Lithophysz in the 
Obsidian of the Roche Rosse, Lipari. Q. J. G.S., Vol. XLVIIL, p. 438. 


* Note sur les Taxites et sur les Roches clastique Volcanique. Bul. de I’ Soc. Belge. 
d’Geo. et Tome V., 1893. 


| 

i 


ACID VOLCANIC ROCKS OF SOUTH MOUNTAIN. 823 


. 


Trichitic structure—The universal presence of globulites, 
trichites and microlites of black and red iron oxide, in flow 
bands, or indifferently distributed, or in concentric zones around 
spherulites and vesicles is worthy of mention as a further point 
of resemblance to the modern rhyolite. Such trichites in similar 
rocks have been described by various petrographers.* Such, in 
brief, is the character of the evidence for the secondary nature 
of some of the holocrystalline groundmass of the acid volcanics 
of the South Mountain. It is not easy to present the proof so 
that it shall carry the weight which justly belongs to it. Very 
much depends upon effects which it is impossible to reproduce 
by description, but which carry conviction to the student of 
these rocks. The contrasting appearance of the sections in 
ordinary and polarized light cannot be adequately reproduced. 
The disappearance under crossed nicols of rhyolitic, perlitic, 
spherulitic, and fluxion structures, so clearly indicated in ordinary 
light, and their replacement by a homogeneous holocrystalline 
mosaic is one of the strongest evidences of the secondary char- 
acter of the crystallization. Nor are there lacking instances 
where the subsequent nature of the crystallization is in other 
ways distinctly proven, as in the replacement of radial crys- 
tallization by the granular aggregate of quartz and feldspar, 
which is homogeneous with a granular groundmass, as well as in 
the character of the micropoikilitic structure. One or more of 
the structures which have been described are invariably present 
in the acid volcanics of certain localities. The occurrences, 
where their structures are absent, show a genetic relationship in 
the field to typical representatives of the modern rhyolite. 

The writer considers that the acid lava flows in South 
Mountain were, at the time of their consolidation, quite com- 
parable to similar flows as they:now appear in the Yellowstone 
National Park. Certain portions of the flow, as in the case of 


*S. ALLPORT: On certain ancient divitrified Pitchstones and Perlites from the 
lower Silurian District of Shropshire. Q.J.G.S., Vol. XXXIIL, p. 449. 

O. NORDENSKJOLD : opus cit. 
R. D. IRVING: opus cit. p. 312. 
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the Obsidian Cliff, were completely vitreous save for spherulitic 
and lithophysal crystallization. In other localities the lava was 
lithoidal, and in the central portion of thick flows holocrystalline. 
In this way three types of acid volcanics would be developed— 
rhyolites, lithoidal rhyolites, and quartz porphyries. Every grada- 
tion between these types would accompany them. Thus, while 
there are certain areas in the South Mountain, notably the 
Bigham Copper Mine and Racoon Creek localities, which exhibit 
typical ancient rhyolites, other regions display genuine quartz- 
porphyries. While in the latter rocks, which constitute a large 
part of the acid volcanics, the groundmass may have been, and 
probably was, originally holocrystalline, as in some modern lavas ; 
in the case of the former rocks, it is supposed that the ground- 
mass was, at the time of consolidation, wholly or partly glassy. 
The secondary character of some of the holocrystalline ground- 
mass once conceded, and the indications of an original glassy 
base recognized, it is easy to suppose that the former was devel- 
oped from the latter by a process of devitrification. 

That the process of crystallization does not necessarily cease 
with the solidification of a rock is well known. That the crys- 
tallizing forces are active in a glass as well as in a molten magma 
has been proven by experiment.’ This action is exceedingly 
sluggish, and requires, unless accelerated by heat and moisture, 
an immense amount of time. Devitrification has been considered 
the result only of dynamic action.* While dynamic action 
undoubtedly accelerates the process of devitrification, if it does 
not initiate it, devitrification may also take place independently 
of dynamic action, as was the case in the famous example of the 
old cathedral window-glass? and the ancient devitrified glass 
from Nineveh investigated by Sir David Brewster.* The nature 


* Daupr&e : Géologie Expérimentale, 1879, p. 158. 


* VALLEE-PoussIN : Les Eurites quartzeuses (rhyolites anciennes) de Nivelles et 
des Environs. Bull. Acad. Roy. Sc. Lett. et des Beaux Artes de Belg. 56 annue, 3d 
series, Tome 13, No. 5, 1887, pp. 521-522. 

3 Brit. Assoc. Rep., 1840. 
4 Trans. Roy. Soc. Edin., Vols. XXXIL, XXXIII. 
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of the process is in no way different from the process of crys- 
tallization in a fluid magma, save in the rapidity of the action, 
and is of both a physical and chemical character. It is not the 
purpose of this paper to discuss the other evidences of meta- 
morphism in the South Mountain rocks. There is ample proof 
that both dynamic and statical metamorphism were wide spread. 
While the former would, by shearing, obliterate the original 
structures of a glassy rock and produce a slate, the latter might 
be an important initiatory and accelerating factor in the process 
of devitrification of the glassy rocks. 

Nomenclature —The character of the acid rocks has been 
briefly presented, and there remains to be considered a name or 
names which shall be descriptive of them. While the possibility 
of devitrification can hardly be doubted, the fact that a finely 
crystalline aggregate of quartz and feldspar may also be the direct 
product of consolidation from a molten magma is equally recog- 
nized by the writer, and to the acid rocks possessing such a 
groundmass the name quartz-porphryry is given. It is by no 
means always possible to distinguish between a primary and sec- 
ondary crystalline groundmass, hence no attempt is made to 
draw a sharp line between the quartz-porphyries and the devitri- 
fied rhyolites. 

The typical ancient originally glassy acid volcanic should 
be distinguished in some way by the name from the typical 
ancient originally holocrystalline acid volcanic. Is there any 
name now in use which does this? A great variety of terms has 
been applied to the acid type of the older volcanic rocks. Under 
the general group of quartz-porphyries, Rosenbusch classifies 
them as mucrogranites, with a microgranitic groundmass, grano- 
phyres with a micropegmatic groundmass, fe/sophyres, with a micro- 
felsitic base, and vitrophyres (including pitchstones and pitchstone 
porphyries), with a vitreous base. Foqué and Lévy use micro- 
granitite, micropegmatite and porphyr petrosiliceux as correspond- 
ing terms. By British petrographers these acid rocks have been 
termed hornstones, claystones, and claystone porphyries, felsites, 
quartz-felsites, and felsites porphyries, agreeing in this respect 
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with the older German usage, when they have not followed 
Rosenbusch. In America both German and English usage has 
been followed with more or less confusing results. In the 
nomenclature of the South Mountain rocks an effort has been 
made to avoid such confusion and to use such a term or terms as 
shall accurately describe them and all similar rocks. No one of 
the terms mentioned succeed in doing this. Although, perhaps, 
most nearly like the felsophyres, these South Mountain rocks 
cannot be included under that term since they now possess a 
holocrystalline groundmass. 

In so much as many of the English felsites have been shown 
by Rutley, Allport, Cole, and Bonney to be devitrified obsidians 
and pitchstones, and thus, like these American rocks, the repre- 
sentatives of the glassy lavas of pre-Tertiary times, these pre- 
Cambrian lavas of the South Mountain might with some 
propriety be termed /edsites. Felsites, however, though useful as 
a field name may well be objected to as an inaccurate petro- 
graphical term. It was originally used to describe an acid base, 
unresolvable to the naked eye, and at first supposed to be a sin- 
gle mineral.t| With the introduction of the microscope this 
macro “ felsitic’’ base was resolved into the microgranitic, micro- 
pegmatitic, and microfelsitic groundmass, the point of ignorance 
being shifted from the felsitic base, macroscopically unresolv- 
able to the microfelsitic base, which is microscopically unresolva- 
ble. On the continent felsite has been practically replaced by 
these terms. British and American petographers have retained 
it as a field name for rocks formed of this macroscopically unre- 
solvable base without phenocrysts or with inconspicuous pheno- 
crysts. The South Mountain rocks are both without phenocrysts, 
with inconspicuous phenocrysts, and with abundant and conspic- 
uous phenocrysts. As this irregular distribution of the porphy- 
ritical crystals may characterize a single lava flow, it does not 
seem a sufficient ground for a separation of rock types. 
"GERHARD: Beitrage zur Geschichte des Weissteins des Felsit und anderer 


verwandten Arten” Abhandl. der k. Akad. der Wissensch. zu Berlin, 1814-1815. 
s. 18-26. Naumann Lehrbuch der Geognosie Band 1, 2d ed. 1858,s. 597. 
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It is very generally recognized that structural features are not 
conditioned by the geological age of rocks, but are, on the other 
hand, a function of the conditions of consolidation. That the 
conditions attending the consolidation of surface flows in pre-Ter- 
tiary times do not differ from those attending the consolidation 
of similar flows in post-Tertiary times has been illustrated by a 
wide survey of pre-Tertiary and Tertiary rocks on the part of 
Allport, Judd, Teall and others' With this recognition has come 
the growing conviction among petrographers that mere age 
should be eliminated asa factor in rock nomenclature.? While this 
is true, it is felt, on the other hand, that there should be some 
recognition in the rock name of the alteration which the rock 
has undergone subsequent to its solidification. If, at the time of 
its solidification, the rock presented the features of a rhyolite, as 
it is believed much of the South Mountain acid lava did, but since 
that time has become holocrystalline, both these facts, its orig- 
inal character and its present alteration, should be recognized in 
the name. 

Such a result might be secured by the retention of such well 
established names as rhyolite, obsidian, trachyte, etc., preceded 
by a prefix which shall have such a designation as to indicate the 
altered character of the rock. The prepositions meta, epi and 
apo, as prefixes, all indicate some sort of an alteration. Their 
exact force has been thus defined by Professor Gildersleeve : meta 
indicates change of any sort, the nature of the change not speci- 
fied. This accords with the use of the prefix by Dana in such terms 
as ‘“‘metadiorite’’ and “metadiabase.’’ These terms have been 
recently revived to designate rocks “ now similar in mineralogical 


"ALLPORT: Address of the Pres. of the Geo. Sec. of the British A. A. A. S., 1873, 
and many other writings by the same author. 

Jupp: On the Gabbros, Dolerites and Basalts of Tertiary Age in Scotland and 
freland. Q.J.G.S., Vol. XLIL, 1886, pp.49-97. 

TEALL: British Petrography, pp. 64-69. 

?Reyer, Tietze, Reiser, Reusch (H. H.), and Suess support the statement that 
age is not a just ground of distinction between eruptive rocks, and Rosenbusch consid- 
ers that in no very distant future the separation of effusine rocks into an older and 


a younger series will prove untenable. 
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composition and structure to certain igneous rocks, but derived 
by metamorphism from something else.”* 2 signifies the pro- 
duction of one mineral out of and upon another. This prefix has 
not been much used. We find it in such terms as epidiorite, 
epigenetic hornblende and epistilbite. dfo may properly be 
used to indicate the derivation of one rock from another by some 
specific alteration. 

If, therefore, we decide to employ this prefix to indicate the 
specific alteration known as devitrifiction (Aatglasung) we may 
obtain, by compounding it with the name of the corresponding 
glassy rocks, a set of useful and thoroughly descriptive terms, 
like aporhyolite, apoperlite, apobsidian, etc., as to whose exact 
meaning there can be no doubt. In accordance with this usage 
it is proposed to call all the acid volcanic rocks, whose structures 
prove them to have once been glassy, aforhyolites. While those 
which have consolidated at a sufficient depth to secure a holo- 
crystalline groundmass should be termed guarts-porphyries, whether 
ancient or modern lavas. The writer realizes that the introduc- 
tion of a new name into petrographical nomenclature is to be 
deplored unless it can be shown that the name is formulated in 
accordance with certain well defined principles. A good rock 
name should express composition, original structure, and, as far 
as possible, the process of alteration, if any, that the rock has 
undergone. It is thought that aporhyolite and the suggested 
series of similarly formed terms meet these requirements. They 
are, therefore, adopted as preferable to any in present use. 

Paleozoic and pre-Paleozoic acid volcanics have long been 
studied on the Continent, Although their variation from the 
modern type of acid volcanic, rather than their resemblance to 
that type, has for the most part been emphasized by German and 
French petrographers, there have not been wanting able advo- 
cates of devitrification and of an original glassy base for the 
ancient lavas. R. Ludwig (1861), and Vogalsang? (1867) 

‘WHITMAN Cross: On a Series of Peculiar Schists near Salida, Colorado. Proc. 
Col. Sc. Soc., 1893, p. 6. 


* Philos. d. Geologie, 144, 153, 194. 
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incline to the opinion that the groundmass of certain quartz- 
prophyries is the result of the devitrification of a glassy lava. 
The late Dr. K. A. Lossen* (1869), on comparing the spheru- 
litic porphyries of the Harz Mountains with the obsidians of 
Lipari, Mexico and Java, found the resemblance sufficiently 
striking to lead him to declare that “the porphyry groundmass 
was originally crystallized as glass, and became cryptocrystalline 
through molecular rearrangement.” Later, Kalkowsky? (1874) 
suggests devitrification through the chemical activity of water, 
as the process by which the microfelsitic base of certain pitch- 
stones and felsites was developed, and still later H. Otto Lang; 
(1877) described a macroscopically unindividualized base which 
is similar microscopically to the devitrified base described by 
Kalkowsky. Sauer (1889) considers the Dobritz porphyries as 
the final alteration product of a pitchstone. C. Vogel comes to 
the same conclusion as to the Umstadt porphyries in Hessen. 

More recently Klockmann* (1890) describes the replace- 
ment of the spherulitic crystallization in quartz-porphyries, 
through secondary processes, by a fine grained aggregate of 
quartz and feldspar. Osann’ (1891) describes incipient devit- 
rification in perlite and other glassy rocks from Cabo de Gata. 
Finally, Link (1892) considers that it is not impossible that the 
fine grained groundmass of some rocks from America that are 
closely related to mica-syenite-porphyries, was once glassy or at 
least partially glassy. Many no less capable observers still hold 
to an original difference between ancient and recent acid vol- 
canics, and the possibility of devitrification and original simi- 
larity is yet an open question in Germany. 

‘Beitrage zur Petrographie der Plutonischen Gestein Abh. der Berliner Akad. 
1869, p. 85. 

? Mikroskopische Untersuchungen von Felsiten und Pechsteinen Sachsens T. M. 
P. M., 1874, pp. 31-58. 

3 Heinr. Orro LANG: Grundriss der Gesteinskunde, 1877, p. 43. 

4F. KLOCKMANN: Die Porphyre der Geol. d. s.g. Magdeburger unferandes m. 


besonderes Beriisksichtigung d. auftretenden Eruptivgesteine Jahrbuch k. p. Geo. 
Land. u. Bergakad. zu Berlin, 1890, vol. XI. 


5 Z. Geol. Ges. 691, 716. 
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In France, La Croix’ describes andesites from Martinique 
in which the glass has altered into quartz spherulites and a 
granular quartz aggregate. It is interesting to note that many 
of the halleflinta of Sweden, which, like the South Mountain 
volcanics, were once described as sedimentary, are proving to be 
acid volcanics preserving the features of their modern equivalents. 
Quite recently, glassy and rhyolitic structures in these rocks 
have been observed and described by Otto Nordenskjéld.* In 
Belgium Vallée-Poussin seems to be the only writer who has 
brought out the resemblance between the eurites of that country 
and modern rhyolites. He describes at some length structures 
similar to those possessed by the aporhyolites of South Mountain. 
A vacillating state of mind as to the matter of nomenclature is 
indicated in the titles of his:successive papers.3 

In England the rhyolitic character of the ancient acid vol- 
canics has been recognized and emphasized, and the idea of devi- 
trification is widely accepted. Allport, Cole, Bonney, Rutley and 
Harker have accomplished most valuable work along this line. 
Dr. Wadsworth‘ was the first American petrographer to advocate 
the abandonment of age as a factor in rock classification ; 
while at the same time he recognized devitrification as the pro- 
cess which has been forming felsites out of rhyolites. What he 
says is of interest in its anticipation of ideas now more gener- 
ally accepted. ‘This devitrification gives rise in the older and 
more altered rhyolites to the feldspar, quartz and microfelsitic 


* Comptes rendus, CXL, p. 71. 
? Opus cit. 


3Les Anciennes Rhyolities dites Eurites de Grand-Manil. Bull. Acad. R. de 
Belg., 3d series, Tome 10, 1885, pp. 253-315. 

Les Eurites quartzeuses (rhyolite anciennes) de Nivelles et des Environs. Bull. 
Acad. R. des Sc. etdes Beaux-Artes de Belg. 56 annue, 3d series, Tome 13, No. 5, 1887. 


4M. E. WapsworTH: Notes on the Minerology and Petrography of Boston and 
vicinity. Proc. Boston Soc. Nat. His., vol. XIX., May, 1877, p. 236. 

On the Classification of Rocks. Bull. Mus. Comp. Zoél., Harvard College, vol. 
V., No. 13, June, 1879, p. 277. 
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(so-called) base that has so puzzled lithologists in the study of 
the felsites. The rhyolites of all volcanic rocks preéminently 
show lamination produced by flowing, a fact which is doubtless 
due to their being so siliceous. This structure and their devitri- 
fication enables us to trace a direct connection between the rhyo- 
lites and felsites, which are simply the older and more altered 
rhyolites. . . . . . One of the best illustrations of this is 
to be found on Marblehead Neck, Mass., where at least two dis- 
tinct flows of felsite occur, one cutting the other. They show 
the fluidal structure so characteristic of rhyolites,—a character 
that has been mistaken for lines of sedimentation by geologists. 
While the enclosed crystals of orthoclase have been taken for 
pebbles. . . . . . While to the naked eye and under the 
microscope this rock shows the fluidal structure of a rhyolite, in 
p. l. it is seen that the base has been completely devitrified, a 
process that is carried to a great extent in many known modern 
rhyolites.” No other American petrographer has so distinctly 
advocated the identity of felsites and ancient rhyolites in spite 
of the fact that many of our felsites illustrate it as unmistakably 
as do the English felsites. Dr. Irving* in his description of the 
Beaver Bay group of the Keweenaw series repeatedly calls atten- 
attention to the resemblance between the ancient felsites and 
quartz-porphyries and the modern rhyolites, although he does not 
express an opinion as to their equivalence. The statement “that 
the degree of crystallization developed in igneous rocks is mainly 
dependent upon the conditions of heat and pressure under which 
the mass has cooled and is independent of geological time” 
made by Messrs. Hague and Iddings* expresses essentially the 
position of American petrographers on this question. 

Apparently in none of the felsites elsewhere described have the 
varied structures of the modern rhyolite been more perfectly and 
conspicuously preserved than in the aporhyolites of the South 
Mountain. 


*Opus cit., pp. 312, 313, note 5, p. 436. 


? On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, 
with Notes on the Geology of the District, Bul. 17 U.S. G. S. 1885, p. 40. 
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The subject discussed in this paper forms a part of a thesis, 
on South Mountain, presented at the Johns Hopkins University. 
The petrographical study was conducted in the petrographical 
laboratory of that institution, under the immediate supervision 
of Professor G. H. Williams, to whose valuable suggestions and 
stimulating interest the writer is in every way indebted. 

F. Bascom. 


PETROGRAPHICAL DEPARTMENT, 
STATE UNIVERSITY, CoLUMBUsS, OHIO. 
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STUDIES FOR STUDENTS. 


GENETIC RELATIONSHIPS AMONG IGNEOUS ROCKS. 


Ir is desirable that the student of igneous rocks should 
appreciate the fundamental relationships existing between various 
kinds of igneous or eruptive rocks so far as they are understood 
at the present time, in order that he may form a proper idea not 
only of what an igneous rock actually is, but also of the uses 
and limitations of the terms by which they are designated. So 
it has been thought desirable to present, in an elementary form, 
some of the data and opinions bearing upon the genesis of differ- 
ent kinds of rock magmas. 

It can be shown that all eruptive rock masses, whether 
emanating from volcanic vents at the surface of the earth or 
found enclosed within such vents, or confined to fissures not 
immediately connected with actual volcanoes, with the exception 
of certain infrequent occurrences of sandstones, which have 
been forced, while in a loose and incoherent state, into cracks— 
it can be shown that all ordinary eruptive masses were in a com- 
pletely molten or fused condition before solidifying into the 
rocks they now are, and hence the terms eruptive and igneous 
are practically synonymous. 

The igneous mass or molten magma, as we know by observa- 
tions at active volcanoes, may obtain a liquidity comparable 
to that of water,’ which, of course, would obtain for different 
temperatures in the case of magmas having different chemical 
compositions; the less silicious magmas reaching this liquidity 
at a somewhat lower temperature than the more silicious ones. 
During the process of cooling, magmas become gradually more 


*JAMEs D. DANA: Characteristics of Volcanoes, etc. New York, 1891, p. 143. 
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viscous, and crystallization generally takes place, but the two are 
in a measure independent operations, and the viscosity may be 
advanced so rapidly that crystallization is more or less completely 
prevented and glassy rocks result.. According to the conditions 
under which rock magmas cool solidification will be accompanied 
by more or less complete crystallization. The size also of the 
crystals will vary with the rate of cooling, and the general 
texture of the rock will be affected. Different parts of one rock 
magma may experience different conditions of cooling, and there 
will result a variety of textures or structures within the mass. 
It may be that the textural differences are sufficiently pronounced 
to be given distinctive names, which become the terms by which 
certain kinds of rocks are designated; for example, granite, 
porphyry, pearlite, pumice, etc. There is then a relationship 
between certain kinds of igneous rocks which exists because of 
different conditions which have attended the solidification of 
various portions of one body of magma, or of several magmas 
alike in other respects. The significance of this relationship was 
long ago appreciated by James D. Dana," who maintained that 
the textural differences among rocks were mainly due to the 
physical conditions under which they consolidated ; an idea ably 
advocated and corroborated by Judd,*? and more recently sub- 
stantiated by numerous observations in many localities. 

Igneous rocks often differ from one another in mineral and 
chemical composition ; in fact, some kinds differ so widely from 
one another in a mineralogical sense that they possess no mineral 
incommon. And most kinds contain the minerals which may 
be common to them in quite diverse proportions, and associated 
with various other species. Chemically they consist of the same 
essential constituents in variable proportions, the variations being 
within certain limits. But the proportions are so far from being 


* United States Exploring Expedition during the years 1838-1842, under the com- 
mand of Charles Wilkes, U. S. N., 4to. Philadelphia, 1849, Vol. 10, Geology, p. 


372 et seg. 
2J. W.Jupp: On the Ancient Volcano of the District of Schemnitz, Hungary. 
Quart. Jour. Geol. Soc., 8vo, Vol. 32, 1876, p. 292 ef seg. 
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fixed for similar kinds of rocks that it would be almost impos- 
sible to find two instances in which the proportions between the 
essential ingredients were exactly the same. The independence 
of many kinds of igneous rocks might seem at first thought to 
be clearly established by these mineralogical and chemical 
divergences. This apparent independence disappears when a 
great number of rocks are investigated. It is found that few 
rocks contain the same minerals in any given proportion, and 
that the variable proportions of minerals produce varieties of 
rocks which grade insensibly from one extreme of mineral com- 
position into another. Intermediate varieties of rocks which 
form transitions from one type, or distinct kind, to another have 
been recognized for many years. But it is becoming more and 
more evident that the so-called type-rocks are not more abund- 
ant in nature than the intermediate forms. It is found that 
particular kinds of rocks may preponderate in one region and 
the intermediate varieties be subordinate, but that in other 
localities the relations may be reversed, and the so-called transi- 
tional forms may prevail. 

The mineralogical gradation of one kind of rock into another 
is indicated not only by the comparison of all known varieties of 
igneous rocks, but more especially by the study of all the occur- 
rences of such rocks in any region where they are abundant. 
The absence of distinctive types, and the presence of all possible 
varieties intermediate between the extremes is the most notice- 
able characteristic. Moreover, the transitional variations are not 
simply represented by slightly different bodies of rock, but they 
may often be found to exist within one continuous rock mass. 
Thus, a large body of rock may change in mineral composition 
from one spot to another by the most gradual transitions, giving 
rise to constitutional facies of the main mass. Again, it is found 
that a large body of rock, which may be nearly homogeneous 
throughout, exhibits certain mineralogical facies which are like 
the main portion of some other rock-body in the same region; 
so that the subordinate variety in one mass is the predominant 
form in another. 
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The ability of a rock magma to change in chemical composi- 
tion in different parts, so as to crystallize into different mineral 
combinations which correspond to mineralogically diverse rocks, 
does not appear to be limited to small volumes of magma, but 
shows itself on quite different scales; sometimes confined to a 
narrow dike, at others acting throughout a large mass thousands 
of feet in diameter. That which is seen to have taken place 
within a comparatively limited volume of molten magma might 
be reasonably assumed to be possible within much greater 
volumes. Nevertheless it does not necessarily follow that it has 
done so; conditions which may have brought about the change 
in one case may not exist in another. 

The probability that such changes have taken place in great 
reservoirs of molten magma, ard have brought about the chemi- 
cal and mineralogical differences among igneous rocks, finds its 
support in other evident relationships than those of facies and the 
gradual transitions in mineral composition between the kinds of 
rocks. The nature of this evidence is twofold and consists, first, 
in the existence of associations of various kinds of igneous rocks 
in volcanic regions; and second, in chemical and mineralogical 
diversity between different associations of rocks, that is, between 
groups of rocks belonging to different regions. The association 
of various kinds of rocks in particular volcanic districts, and 
their constant recurrence in company with one another in widely 
distant parts of the world impressed itself upon the minds of 
Scrope,’ Darwin’ and Dana: in the first half of the present cen- 
tury, and led them to the opinion that the various kinds of lavas 
thus associated must have originated from some common source, 
that is, from a common molten magma, by some process of 
separation or differentiation. 

Subsequently, as the chemical and mineralogical, constitution 
of rocks became more readily determinable, it was discovered 
that there were chemical and mineralogical characteristics of 

*G. P. Scrore: Volcanos, 8vo, London, 1825, 
*CHARLES DARWIN: Volcanic Islands, 8vo, London, 1844. 


3 Loc. cit. 
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whole groups or associations of rocks which distinguished them 
from groups in other regions. This was noticed by Judd in 
studying the volcanic rocks of Hungary and Bohemia, and was 
afterwards clearly expressed by him in defining petrographical 
provinces as districts “within which the rocks erupted during any 
particular geological period present certain well-marked pecu- 
liarities in mineralogical composition and microscopical structure, 
serving at once to distinguish them from the rocks belonging to 
the same general group, which were simultaneously erupted in 
other petrographical provinces.”’* A striking illustration of the 
individuality of a petrographical province is found in the unusual 
group of rocks described by Brégger,’ from the region of Chris- 
tiania. They are characterized by a high percentage of sodium 
and a consequent abundance of alkali minerals. Brégger calls 
attention to the remarkable fact that the greater part of the 
rocks in this district are absolutely peculiar to the locality, or 
nearly so, and have not yet been found in any other part of the 
world. The association of special kinds of rocks in different 
localities has also been pointed out by Rosenbusch,} and urged 
as evidence of a genetic relation between the rocks so grouped. 

Certain chemical characteristics of special geographical 
groups of rocks become apparent when all of the chemical 
analyses are systematically compared and their variations plotted 
graphically, as has been done by the writer for the rocks of 
particular localities in the Yellowstone National Park, and for 
those of Vesuvius and vicinity, and of Pantellaria.* It is 
observed in these cases that the relations of the alkalies to one 


?J. W. Jupp: On the Gabbros, Dolerites and Basalts of Tertiary Age in Scotland 
and Ireland. Quart. Jour. Geol. Soc., Vol. 42, p. 54, 1886. 

?W. C. BROGGER: Die Mineralien der Syenitpegmatitgange der Siidnorwegischen 
augit- und nephelinsyenite. Zeitschr. fiir Kryst. u. Min., 8vo, Leipzig, 1890, Vol. 
XVL., p. 83. 

3H. ROsENBUSCH: Microskopische Physiographie der massigen Gesteine, 8vo, 
Stuttgart, 1886, pp. ix., 600, 628, 767, 795, 809, 810, 821. Alsoin Mineral. und 
petrogr. Mitth. XI., 1890, p. 445. 

4]. P. Ippincs: The Origin of Igneous Rocks. Phil. Soc. Washington, Bull. 
Vol. XIL., 8vo, pp. 89-214, Pl. 2. Washington, 1892. 
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another and to the other constituents is characteristic of the 
rocks of each group. A genetic relationship is clearly indicated, 
and it appears that the various rocks in each locality have been 
derived from a general magma peculiar to the locality. 

The distinguishing characteristics of the rocks of different 
petrographical provinces which may be observed in their chemi- 
cal composition also find expression in certain mineralogical 
peculiarities. Thus the presence of a relatively high proportion 
of potash will insure an abundance of potash-bearing minerals, 
as at Vesuvius. The relatively high percentage of soda in the 
rocks of Pantellaria, together with low alumina and relatively 
high ferric oxide, determines the prevalence of alkali-feldspars 
rich in soda, and of soda-bearing ferro-aluminous silicates, 
znigmatite or cossyrite. The less prominent position of the 
alkalies in the rocks of Electric Peak and Sepulchre Mountain, 
and the relatively higher percentages of magnesia and iron oxide 
leads to the very general presence of orthorhombic pyroxene in 
these rocks, which is in contrast to the less magnesian and more 
alkaline rocks of Central France and Germany. The abundance 
of alkalies and general preponderance of soda in the rocks of the 
Christiania district expresses itself in the abundance of the alkali- 
feldspars and feldspathic minerals, and in the prevalence of 
acmite- and riebecite-molecules in the pyroxenes and amphi- 
boles. 

From this it follows that certain rocks belong in particular 
natural series or groups, and are absent from others, and that 
two natural series of rocks, when arranged according to the per- 
centages of silica, may grade through similar ranges of silica, 
but may each embrace different kinds of rocks. Thus: 


Silica Silica 
Percentages. Yellowstone Park. Percentages. Vesuvius and Ischia. 
48-53 Basalt. 46-55 Leucitophyre. 
ss-62 Pyroxene-andesite. 
Hornblende-andesite. 55-62 Trachyte. 
64-68 Hornblende-mica-andesite. 
Dacite. 
70-75 Rhyolite. 69-71 Rhyolite. 


In such series it happens that rocks bearing the same name 
differ in certain mineralogical respects, and are really more 


~ 


GENETIC RELATIONSHIPS AMONG IGNEOUS ROCKS. 839 


closely allied to the chemically nearest variety in their own 
group than they are to the rock of the same name in another 
group. 

It must not be inferred from the facts just given that every 
natural group of rocks has some peculiarity which distinguishes 
it from every other group. There are many natural groups or 
petrographical provinces, the rocks of which are identical in the 
minutesi detail with those of neighboring or distant regions. 
And the limits or boundaries of such provinces are not sharply 
drawn in nature. In some regions the transition from one prov- 
ince to another appears abrupt, in others very gradual. Thus, 
while certain provinces exhibit distinct mineral and chemical 
characteristics, others appear to possess characters of several 
provinces. 

Recognizable chemical differences may exist between groups 
of rocks within less than a hundred miles of one another, and 
again broad general features may be persistent, or at least may 
be prevalent, over vast areas of the globe. Within these areas, 
of course, subordinate variations may exist. The most impres- 
sive illustration of this law is furnished by the igneous rocks of 
the two continents of North and South America. The great belt of 
Cordilleras and parallel ranges stretching along the western side 
of North America abound in igneous and volcanic rocks which 
belong to a quite uniform petrographical province, extending from 
British Columbia to Mexico and Central America. They are not 
specially rich in alkalies, and are characterized by a very general 
presence of the ferro-magnesia mineral, hypersthene ; local varia- 
tions occur. As the eastern portion of this mountain system is 
approached from the west a gradual increase in alkalies is notice- 
able, and rocks bearing nepheline, leucite and more frequent 
alkali-feldspars make their appearance, containing alkali-bearing 
ferro-magnesian minerals. These have already been described, 
from Montana, Wyoming, Dakota, Colorado and Texas, and are 
especially well developed in Arkansas. Similar eruptive rocks 
have been found in the eastern portion of the continent, in New 
Jersey, New England and Canada. 
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In South America the great Cordilleran system of the Andes 
presents a petrographical province identical, chemically and 
mineralogically, with those of the North American Cordilleras, and 
which appears to extend throughout its entire length. In the 
eastern part of the continent and on the islands off its coast the 
petrographical province is in turn identical in many respects with 
the eastern province of North America; the correspondence being 
most pronounced between the rocks from Brazil, described by 
Derby’, and those from Arkansas described by J. Francis Wil- 
liams.? 

The chemical and mineralogical qualities or peculiarities which 
characterize the rocks of particular groups, and at the same 
time serve to distinguish them from those of some other groups, 
are like family traits of character, and suggest the intimate rela- 
tionship and common origin of all of the igneous rocks of the 
group. They prove conclusively that the varieties of rocks 
occurring at a particular center of eruption, or ina volcanic dis- 
trict, have been derived from some magma common to the dis- 
trict by a process of differentiation similar to that which has 
caused smaller bodies of molten magma to become chemically 
heterogeneous and has produced mineralogical facies. 

That the process which has produced the many kinds of igne- 
ous rocks in any region, with all their transitions into one 
another, was a process of differentiation of an originally homo- 
geneous magma, and not the compounding of two or more dif- 
ferent ones, is shown by the geological relationships between the 
various bodies of rock belonging to a volcanic center; more 
especially the order in which they have been erupted. A process 
dependent upon any set of physical conditions, which continues 
active for long periods of time must yield results that are to a 
very considerable extent functions of time, that is, they must be 


*O, A. DERBY: On Nepheline Rocks in Brazil, with special reference to the Associa- 
tion of Phonolite and Foyaite. Quart. Jour. Geol. Soc. 8vo, London, Aug., 1887. 
Also The Tingua Mass. /did., May, 1891. 


*J. FRANCIS WILLIAMS: The Igneous Rocks of Arkansas. Annual Report of the 
Geological Survey of Arkansas for 1890. Little Rock, 1891. 


\ 

. 


GENETIC RELATIONSHIPS AMONG IGNEOUS ROCKS. 841 


accumulative. Hence, if the process is one of synthesis or com- 
mingling, the mixture should be the more complete the longer 
the process has been in operation. On the other hand, if the 
process is one of differentiation the separation should be the more 
perfect as time goes on. The various bodies of rock occurring 
in a large volcanic region have been erupted at widely different 
times, and while belonging to a connected period of volcanic 
activity may often represent the lapse of ages. Their genetic 
relationship has been the result of some active principle coéx- 
tensive with this vast time, and persistent or intermittent; the 
effect in either case must be accumulative. 

It is found in all regions carefully investigated that there is a 
sequence in the eruption of different varieties of rocks which is 
most characteristic. From the nature of the causes leading to 
the extrusion of volcanic lavas, the irregularities of the conduits 
through which they reach the surface and the probable diversity 
in the physical conditions obtaining in different regions, it is to 
be expected that the course of events will not be the same in all 
cases, or constant in any one instance. Hence the sequence of 
rocks will not be uniform for all regions, nor will it necessarily be 
simple in any case. The sequence discovered by von Richthofen,* 
when expressed in general terms, is of very wide application, and 
is to the effect that the earliest eruptions are of rocks having an 
average or intermediate composition, and that subsequent erup- 
tions bring to the surface magmas of more and more diverse com- 
position; the last eruptions producing the most diverse forms. 
The transition from a magma of intermediate composition to 
those of extremely divergent composition, is clearly the result 
of a process of differentiation. ‘This correspondence between 
the petrographical and the geological succession,” as Brégger? 
remarks, “appears to prove conclusively a genetic connection 
between successive eruptions.”” The same conviction has been 
expressed by Geikie, Teall and others. Evidences of the mixing 


*F. von RICHTHOFEN: The Natural System of Volcanic Rocks, 4to. San Fran- 
cisco, 1868. 


? Loc. cit. p. 83. 
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of different rock magmas to form an intermediate modification 
are exceedingly local, and appear to be confined to narrow limits 
along the junction of one body of rock with another. 

The genetic relationship between the various kinds of igne- 
ous rocks belonging to a center of volcanic activity, which is 
plainly indicated by their chemical, mineralogical and geological 
relationships, is in the nature of a generic connection. They 
have originated from some common magma or parent stock, and 
to a very large extent are characterized by whatever distinguish- 
ing peculiarity was characteristic of the parent magma. They 
are in this sense consanguineous. The presumably homogen- 
eous parent magma has become heterogeneous by some chemico- 
physical process or processes, so that different portions of it 
have different chemical constitutions. The differentiation un- 
doubtedly takes place according to fixed laws and within limita- 
tions affected by the original constitution of the magma, and 
by the external controlling conditions or agencies. Further than 
this we shall not venture in the present article. It will be 
sufficient to consider some of the consequences of the general 
principles of magmatic differentiation. 

First. If differentiation is controlled by external agencies or 
conditions, such as changes of temperature and pressure, which 
depend largely on the environment of the magma, then the 
results of differentiation should vary when the external conditions 
vary. It is not to be expected, therefore, that similar magmas 
will always yield the same results when differentiated, within 
certain limits. They may have experienced quite different 
physical conditions. The more uniform the conditions the more 
concordant the results. 

Second. Since the process of differentiation requires time, 
is progressive, and, from geological evidence already alluded to, 
often continues for ages, it follows that eruptions from a reser- 
voir, where the process of differentiation is taking place, will draw 
off magma whose constitution will depend on the phase of dif- 
ferentiation attained by the parent magma. The phase will nat- 
urally depend on the time at which the eruption takes place. 
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Moreover, since the process of differentiation necessitates the 
coéxistence of differently constituted derived magmas in various 
parts of the parent body or reservoir, the kind of magma drawn 
off at an eruption will also depend upon the portion of the 
reservoir drawn from. 

Third. If, in a given region of eruptive rocks, each body of 
rock was the immediate solidification of the magma drawn 
directly from one common reservoir, they would represent the 
phases of differentiation in the parent magma at the time when 
the eruptions took place. If, however, the magma drawn from 
the reservoir did not solidify immediately, but remained in a 
molten condition within the fissure or conduit, a still further 
differentiation within this derived magma might take place 
under conditions imposed by its new environment. In this 
manner differentiation might proceed at quite different rates 
and possibly with diverse results in the parent magma and 
in the derived magma. Material, then, which, through sub- 
sequent eruption, might come to a place where it could 
solidify, might be derived from the parent magma or from 
the derived magma, and would represent different phases 
of differentiation. Either set of conditions of eruption may 
exist in nature, and much more complex ones. The first may 
very well be found in great fissure eruptions such as have taken 
place in western America. The second are probably represented 
by groups of volcanic vents. Both are simply modifications of 
eruptive processes, and differ in no essential respect. 

The genetic relationship of rocks belonging to one center of 
eruption, or to one group of centers, or to one petographical 
province, makes plain the fortuitous character of so-called rock 
types ; the constitution of any rock mass depending primarily 
upon the phase of differentiation, and on the portion of the 
reservoir let out. It proves the fundamental gharacter of the vari- 
ability in composition of such rocks, both as between different 
bodies of rock and also within the mass of one continuous body 
in many cases. The degree of homogeneity in a rock body will 
depend upon the relation of its volume to that of the reservoir 
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from which it was drawn, and the conditions of differentiation 
existing there, and, further, upon whether it has undergone sub- 
sequent differentiation within itself. 

The textural variations which were discussed in the first 
part of this paper, and which may exist in diverse portions of 
one rock body, or in different bodies of similar magmas, add still 
further to the complexities in solidified magmas. Rock magmas 
are thus known to vary frequently in chemical composition, min- 
eral composition and texture. Names of rocks which are defined 
in terms of these three characters, can only apply to that 
portion of a rock body exhibiting the characters specified. 
Other parts of the mass will have different names, and to this 
extent be different rocks. The student should therefore recog- 
nize the difference in the idea conveyed by the term rocks 
as ordinarily used, and that which is involved in the expression 
rock-body, as a geological unit. F 

P. IppINGs. 
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EDITORIALS. 


Tue December Forum contains an interesting article by Dr. 
D. G. Brinton on “ The Beginning of Man and the Age of the 
Race.” It affords, incidentally, several suggestions of value to 
geologists who are concerned in working out the problems which 
relate to the fossil relics of man on this continent. Dr. Brinton 
reasons that we have good grounds for locating man’s birthplace 
only where mammals that are very near to him in physical prow- 
ess and mental aptitude are known to have existed some fifty or 
one hundred thousand years ago. This, he thinks, “at once 
excludes a large portion of the earth’s surface, as the Arctic, Ant- 
arctic, and colder temperate zones, the lofty plateaus of the world 
and its inclement shores.”’ ‘The whole of America must be 
excluded, for it shows no signs of having been the home of the 
higher mammals, that is, apes or monkeys without tails and with 
thirty-two teeth.” By similar exclusions, the area of probable 
origin of man is limited to Southern Asia, Southern Europe, and 
Northern Africa. A fuller exposition of Dr. Brinton’s views was 
given in his address before the American Association for the 
Advancement of Science at Madison iast August. 

Without giving unqualified assent to all the limitations urged 
by Dr. Brinton, it would appear from the distribution of types 
kindred to man in the Pliocene and Pleistocene periods, and from 
the fact that the evolution of a naked animal from the hairy one 
can reasonably be supposed to have taken place only ina very 
warm climate, that primitive man, in the strict and proper sense 
of the term, can scarcely be supposed to have been an inhabitant 
of America. It is difficult to see how he could have reached 
this continent while in his strictly primitive state by land migra- 
tion (even if there were land connection in the Behring region) 
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without traversing extensive cold and mountainous tracts quite 
prohibitory to a strictly primitive naked man of tropical origin, 
unless such transit were made in the early part of the Tertiary 
era before the development of cold northern climates and before 
the erection of the modern mountain systems. The early Ter- 
tiary, however, was an era of submergence rather than of eleva- 
tion and land connection, and the possibility of such migration 
is extremely doubtful. Primitive man cannot well be supposed 
to have gained access to America by water until he had learned 
the art of navigation, or, in other words, until he had reached a 
somewhat advanced state of civilization. The strong presump- 
tion is, therefore, that man came to America only after he had 
attained toa stage of development much beyond the primitive one. 
It would appear that he must have become possessed of the power 
of protecting himself from the vicissitudes of climate and of 
securing the means of living under adverse conditions, or else 
had acquired the arts of navigation to an extent that would per- 
mit him to cross from the one continent to the other in warm 
latitudes. 

As man’s full evolution did not, therefore, probably take 
place on this continent, a complete series of relics of that evo- 
lution cannot be looked for here. Hence a system of interpreta- 
tion of fossil relics which is based upon a theory of complete 
evolution here or which presumes the existence here of a com- 
plete series of relics does not carry inherent force, but rather the 
contrary. It is more probable that the oldest fossil relics of man 
on this continent represent, not a primitive, but some advanced 
stage of evolution. There is no inherent reason for expecting 
to find “ paleolithic” or any other very primitive stage of culture 
here, however well demonstrated that stage may be on the east- 
ern continent. To establish the existence of that stage here, 
unquestionable geological evidence, strong in itself and quite 
independent of theoretical support, must be produced. The geo- 
logical problem in America will be greatly clarified when it is 
recognized that its solution must rest on strict stratigraphical and 
palzontological grounds, and not on any parallelism with a 


7 
4 
| 
{ 
4 
| 


EDITORIALS. 847 


theoretical evolution applicable only to the land of man’s origin. 
The present stage of civilization is certainly not an immediate 
derivative of the next preceding, but has been imposed upon it 
unconformably, so to speak, and disjunctively. It is intrusive or 
superposed, and not derivative. So it is probable that the pecu- 
liar phases of the higher civilizations found in Central and South 
America were intrusive and not derivative. It is, therefore, not 
improbable that the entire succession of civilizations on the 
American continent consists of a series of intrusions or super- 
positions from the west and from the east, overlapping each 
other unconformably and disjunctively. They can, therefore, be 
worked out safely upon no theory of genetic succession. Each 
factor must be determined by means of its own inherent evi- 
dence. 


PROFESSOR JAMES D. Dana has a short article in the Novem- 
ber number of the American Journal of Science* touching upon 
the recent discussion of the divisibility of the glacial period, in 
which he draws forth generalizations on two important lines, viz., 
(1) the personal attitude of writers on the subject, and (2) the 
difference between the glacial phenomena of New England and 
of the upper Mississippi basin. These seem to us to lie in the 
right direction, in the main, but in both cases to have somewhat 
missed the truest lines of distinction and to have fallen short of 
the most significant features. Professor Dana draws attention to 
the divergent views of New England and of western glacialists, 
and concludes that there must be some difference in the phe- 
nomena of the tworegions to account for the differences of view. 
This seems to us very true and very important. The difference 
in the phenomena is, however, we think much more radical, and, at 
the same time, much more simple than that suggested by Pro- 
fessor Dana. It is, to our view, simply this: In New England 
only the latest epoch of the glacial period is distinctly repre- 


* New England and the Upper Mississippi Basin in the Glacial Period. Am. Jour, 
Sci. IIL, Vol. XLVL, No. 275, Nov., 1893, pp. 327-330. 
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sented. The earlier episodes (to use a term not in controversy ) 
may have representatives there in overridden and buried depos- 
its, but, if so, they are obscure and have not been distinctly 
delineated. Inthe West, on the other hand, a very considerable 
series of episodes is well displayed. These embrace not only 
those presented in New England, but a considerable series of 
earlier ones not at all (distinctly) represented there. These 
greatly prolong and diversify the glacial series. In our judg- 
ment, it is not simply a doubling of that of New England, but a 
much higher multiplication. The whole series cannot, there- 
fore, be judged by the incomplete New England representa- 
tives. All investigators, we think, or nearly all, agree that the 
New England glacial deposits fall within a relatively brief epoch 
and are not much (at least not very distinctly) differentiated. 
We agree heartily with those who would refer the declared New 
England drift to one epoch (reserving opinion, of course, regard- 
ing remnants of overridden or obscure drift of earlier episodes). 
New England is little better fitted to be a standard for the inter- 
pretation of the whole glacial series than it is for the whole 
Palzozoic series. In neither case is the series fully and dis- 
tinctly represented, nor in either case is it typical. This is 
implied significantly in the relative state of delineation of the 
formations in the eastern and western sections. With a great 
preponderance of workers and of skill, no historical divisions of 
the glacial formations have yet been traced entirely across New 
England, not even those of an episodal rank. In the interior, on 
the other hand, something like a score of historical stages have 
been delineated over broad areas. Lines of episodal delimita- 
tion aggregating many thousands of miles have been mapped. 
Any attempt, therefore, to revise the work of the interior by the 
phenomena of New ‘England is not likely to be more successful 
than the revision of the Palzozoic series on a like basis. 

In classifying personal opinions, a dividing line separating 
the New England and the western workers is valuable and sig- 
nificant. But a much more significant cleavage plane, we think, 
may be found between those glacialists who have studied the 
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later episodes (or the earlier episodes) exclusively and those 
who have studied doth. To have studied the Hudson River beds, 
east and west, is an inadequate preparation for deciding whether 
they are to be placed in a separate epoch from the Trenton beds 
or not. Both the Hudson River beds and the Trenton beds 
should be studied in regions where both are well displayed. So 
of the drift deposits. Classified on the basis of the formational 
distribution of critical studies, the true generalization falls easily 
into form, viz., those who have studied the formations of one 
epoch believe in one epoch; those who have studied the forma- 
tions of more than one epoch, believe in more than one epoch. 

The special individual opinion upon which Professor Dana 
lays stress ceases to have significance, or rather has its signifi- 
cance reversed, when it is observed that the studies on which it 
is based (most admirable in extent and in quality) fall almost 
exclusively within zones referred, by common consent, to a sin- 
gle, late, relatively brief glacial epoch. 

Respecting the reference of the differences between the drift 
of the east and of the west to meteorological causes there is 
room here only for inviting attention to the pregnant fact that 
the greatest southward extension of the drift is found where the 
present meteorological and topographical conditions are least 
favorable. The drift of the interior reaches south of 38° latitude, 
that of New England only a little south of 41°,a difference that 
equals about three-fourths of the extent ef New England in lati- 
tude, exclusive of Maine. The inferiority of the drift of New 
England in extent, in massiveness, and in serial development is 
the feature that calls for explanation in adverse conditions rather 
than the magnificent deployment of the glacial series on the 
plains of the interior. Be Sc 
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RECENT CONTRIBUTIONS TO THE SUBJECT OF DYNAMOMETAMORPHISM 
FROM THE ALPs. 


A. Heim: Geologie der Hochalpen zwischen Reuss und Rhein. Bei- 
trage zur geologischen Karte der Schweiz, Vol. XXV., 4°: Bern, 
1891, pp. 503. 

C. Schmidt; Beitrage zur Kenntniss der auftretenden Gesteine. ib. 
Anhang, pp. 76. 

L. Milch;: Beitrage zur Kenntniss des Verrucano. Erster Theil : Leip- 
zig, 1892, pp. 145. 

M. P. Termier : Etude sur la Constitution géologique du Massif de la 
Vanoise. Bull. des Services de la Carte géol. de France. No. 20, 
Paris, 1891, pp. 147. 

For many years both Huttonian (metamorphic) and Wernerian 
(original deposition) principles have been advanced to explain the 
crystalline schists of the Alps, as well as those of other regions. 
Because of their youth these great mountains are in many ways pecu- 
liarly fitted to throw light upon the difficult problems presented by 
these rocks. Many of the most classic Alpine localities are now being 
investigated by modern methods and are yielding welcome results 
which tend to establish not merely the fact, but also the nature, cause 
and processes of metamorphism. 

Nowhere is this more true than in the region of vast earth-move- 
ments which Professor Heim of Zurich, has made the scene of his life 
work. As the result of his labors in this field, he was able to publish 
in 1878 his monograph on the Tédi-Windgille group and the 
accompanying essay on the Mechanism of Mountain-making—a work 
which must certainly be regarded as epoch-making in suggesting the 
clue to a satisfactory explanation of the problems of regional meta- 
morphism. ‘This book Professor Hein now supplements with another 
of almost equal size, which contains the explanatory and descriptive 
text of the remainder of Sheet XIV of the Geological Survey of Switz- 
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erland. This map, which was published on a scale of 1: 100,000 in 
1885, embraces the area between the St. Gotthard railway and the 
Rhein, north of the great central (Tessin) massif which forms the 
south flank of the Alps. Hence it includes the eastern portion of the 
Aar and Gotthard massifs, with all the younger formations in their 
most disturbed and implicated development. The thirteen years 
which have elapsed since the appearance of the earlier work have so 
greatly multiplied observations and stimulated thought that the stand- 
point regarding the whole subject of dynamic metamorphism is seen 
to be far advanced. Nor has Professor Heim himself been instrumental 
in any small way in bringing about this result. Aside from his own 
detailed field work, his suggestions as to the efficacy of orographic 
movement as a metamorphosing agent have been of profound and 
world-wide influence. Hence we cannot be surprised that he should 
have inspired enthusiastic students within the limits of his own special 
field. Others have worked out under his direction many details upon 
which some of his own broadest and most far-reaching generalizations 
rest. Some of the best of these results appear almost simultaneously 
with his latest work and form an integral portion of it. This is nota- 
bly true of the special petrographic studies of both the eruptive and 
sedimentary rocks of twoimportant and much discussed horizons—the 
Biindnerschiefer and the Verrucano—in both of which the processes 
of dynamometamorphism can be made out clearly and precisely fol- 
lowed. 

More than one quarter of the Swiss atlas sheet XIV is occupied 
by that diversified complex of phyllites and schists, called by Heim 
the Biindnerschiefer. Their stratigraphical relations are, on account of 
the dislocations to which they have been subjected, often very obscure. 
They have been variously interpreted by different observers, but as the 
result of years of mature observation Professor Heim gives a full pre- 
sentation of the facts, and now concludes that he must differ with 
Bonney, Giimbel, Diener and others who have ascribed to them a 
greater age, and agree with A. Escher v. d. Linth, Theobold and 
Rolle who regard them as a united and continuous series belonging in 
the main to the Lias. ‘Toward the east, where these schists have their 
broadest and least disturbed development, they are comparatively little 
altered, and consist of calcareous shales and phyllites, impure lime- 
stones, sandstones, dolomitic and gypseous beds, interstratified with 
green schists and serpentine which are shown by microscopical exam- 
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ination to be altered volcanic material in conformable layers. Farther 
west, where these same rocks become tightly compressed between the 
gneisses of the central massifs, they have become recrystallized in pro- 
portion to the amount of their dislocation. “ The study of the Biind- 
nerschiefer,” says Heim, “was that which years ago first convinced me 
of the possibility and reality of crystalline metamorphism being pro- 
duced without the agency of eruptive contact, since I here for the 
first time observed how a belemnitiferous calcareous argillite became 
gradually more and more crystalline by the development of such 
minerals as mica, garnet, hornblende, zoisite, etc., at first as indistinct 
and imperfect nodules, and later as good crystals” (I. c., p. 52). The 
Biindnerschiefer, both in their less altered localities and in occasional 
beds, which have been by chance saved from metamorphism, are quite 
rich in Jurassic fossils. 

About one-half of Professor C. Schmidt’s appendix to Professor 
Heim’s monograph is devoted to the petrographical description of the 
Biindnerschiefer, while the remainder treats of the crystalline rocks of 
the Aar, Gotthard and Adula massifs. A few preliminary remarks on 
the melaphyre of the Karpfstock supplement the author’s earlier com- 
munications with reference to the eruptives occurring in the Glarner 
double-fold.'. The rocks from the three crystalline massifs are mainly 
the characteristic Alpine gneiss-granites or protogine, with dioritic or 
amphibolitic interpositions. Sericite- ottrelite- paragonite- zoisite- 
glaucophane-schists and eclogites also occur. The Adula gneiss is 
characterized by a green potash-mica (phengite) which is both uniaxial 
and biaxial. The rocks of the Bindnerschiefer are described by 
Schmidt under two principal heads: a) gray and black schists which 
are more or less completely metamorphosed sediments ; and 4), green 
schists which are foliated and metamorphosed eruptive material. 
Under the first division are mentioned schists with newly crystal- 
lized chloritoid, zoisite, tourmaline, epidote, biotite, muscovite, quartz, 
plagioclase and rutile. In some cases complete pseudomorphs of 
zoisite after echinoid remains are to be found. Other more tightly 
compressed beds at Nufenen, Val Piora, Lukmanier, Scopi, Ariolo, 
and other localities are still more highly crystalline, containing dis- 
thene, garnet, staurolite and similar minerals in abundance. ‘These 
rocks have also been petrographically studied by Prof. U. Grubenmann.? 

* Neues Jahrbuch fiir Min., etc., Beil. Bd. IV., p. 288, 1886. Ib., 1887, L., p- 58. 

* Mitth. Thurgauischen Naturf. Gesellsch., Heft. VIIL., 1888. 
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The second division or green schists include foliated gabbro, diabase, 
variolite, serpentine and various pyroclastic deposits now filled with 
new epidote, uralite, chlorite, saussurite and other secondary products. 
They show many points of analogy with the greenstone schist areas of 
the Marquette and Menominee districts on Lake Superior. Of more 
than usual interest are Schmidt’s descriptions of the chloritic ferru- 
ginous odlite of Callovien. This was once a glauconitic odlite of 
Jurassic age, whose spherical particles have, by dynamometamorphism, 
been flattened, while their iron has crystallized as magnetite and hema- 
tite, and their glauconite changed to chlorite. The process of meta- 
morphism in the Biindnerschists is summed up by Schmidt as follows : 
“The first stage of the metamorphism of the sediments always con- 
sists in the development of rutile microliths, as well as isolated and 
usually skeleton crystals whose nature depends on the composition of 
the metamorphosed material. These new phenocrysts gradually 
increase both in number and size; they are always filled with 
abundant inclusions of the groundmass whose sedimentary arrange- 
ment is not destroyed within the newly formed phenocryst. Finally, 
the clastic groundmass is transformed into an aggregate of crystal- 
line minerals; and, where the metamorphism is most intense, the 
contrast between new phenocrysts and groundmass is least distinct.” 
dl. c., p. 9%.) 

As a result of both his own and Schmidt’s work, Heim concludes 
(l. c. p. 488): 1) that all the demonstrable orographic disturbance, 
and hence all the dynamometamorphism within his area, is post- 
Eocene, and much of it post-Miocene; 2) that two sorts of meta- 
morphism must be distinguished. The recent dynamic metamorphism 
which was caused by, and hence was synchronous with orographic 
movement ; and the much more ancient and probably still continuous 
metamorphism due to heat, moisture, and simple pressure without 
motion, which he calls dagenetic metamorphism (statical metamorphism 
of Judd). He contrasts the effects of mechanical metamorphism upon 
highly crystalline and sedimentary rocks, in that the same cause 
crushes the former into a finely granular schistose series, and recrys- 
tallizes the latter by developing large phenocrysts within them. He 
attributes these results in his particular Alpine region entirely to 
dynamic action, since he can find no trace of eruptive material 
which could have produced contact metamorphism in rocks of tertiary 


age. 
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The regret expressed by Professor Heim at the time of writing 
his text that no one had been found to thoroughly investigate the 
dynamic phenomena of the Verrucano seems about to be removed by 
the work now being published by Dr. L. Milch of Breslau. He has 
recently offered as his Aadilitationschrift the first part of his petro- 
graphical study of the Verrucano rocks of Graubiinden, which deals 
with the historical development of the knowledge of this formation 
and the dynamic metamorphism of the eruptive rocks occurring in it. 
The second part, to be published later, will treat of the metamorphosed 
sediments and chemical aspects of the whole subject. The basic carbon- 
iferous eruptives of the region investigated are all melaphyres belong- 
ing to the three types: olivine-weisselbergite, navite and tholeiite ; 
in other words old basalts. Some of them are well preserved, and show 
clearly the progressive effects of metamorphism with increasing 
mechanical disturbance. Some of the rocks are massive and others 
amygdaloidal, but the effect of the pressure is finally to destroy all of 
their original characters and to produce from them chloritic, epidotic, 
sericitic, or carbonate schists, which could just as well have originated 
from sediments of the proper composition. The mechanical action 
differentiates the originally homogeneous rock into portions of very 
different mineralogical composition, which in the most squeezed parts 
of a fold form fine parallel layers, but in the less compressed areas are 
intimately interlaced. Thus the same orographic force, while it may 
produce the same result from rocks genetically very distinct, can also, 
on the other hand, produce highly diverse rocks from one and the 
same mass. 

The acid Carboniferous eruptives of the area studied are quartz- 
porphyries, or old rhyolites. Some of these form an important part 
of the pebbles in the Verrucano conglomerates, while others occur 77 
situ as a contemporaneous part of this formation. The latter rocks 
show many points of resemblance with the Windgille porphyries, con- 
sidered by Heim and Schmidt (N. J. B. BB. IV., 1886) as pre-Carbon- 
iferous. Milch distinguishes two categories of metamorphic changes 
exhibited by these acid eruptives. The first is mainly mechanicad, 
consisting of crushing and granulation, and producing fine-grained, 
jaspery schists; the second is mainly chemica/, producing sericite 
from the feldspathic constituents which forms interlacing mem- 
branes. There is then here observable a complementary relation 
between the mechanical and chemical work of dynamometamorphism, 
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like that pointed out by the present writer in the greenstone-schists 
and associated rocks of Lake Superior. (Bull. U. S. Geol. Surv., 
No. 62). 

Professor Terrier of the Ecole des Mines at Saint-Etienne has given 
in his essay on the constitution of the Vanois massif in Savoy, another 
excellent contribution to our knowledge of the effects of orographic 
movement in metamorphosing Alpine sediments of Caboniferous and 
Triassic age. This is all the more welcome from France where 
dynamometamorphism has been rather slow to gain recognition, in 
spite even of the convicting demonstrations by Gosselet in the Ard- 
ennes. The schistes dustrés, which bound the Vanois massiv on the 
east, considered by Lory as upper Triassic, are made by Termier pre- 
Carboniferous. The principal horizons which have been studied with 
reference to metamorphism are the Permian and Trias. The former is 
represented mainly by quartzites and phyllites, altered and recrystall- 
ized in proportion to the disturbance they have suffered. In the 
phyllites rutile, sphene, tourmaline, garnet, zoisite, epidote, glauco- 
phane, chloritoid, various micas and feldspars, and quartz have been 
abundantly developed. Many interesting details and figures are given 
to illustrate the development of these new minerals. Albite crystals 
by their growth in the phyllite have sometimes displaced all, or only a 
part of the original schist constituents, while in other cases they have 
not disturbed their position at all. Various minerals are traced in 
their gradual development from indistinct nodules to perfect crystals. 
Only the metamorphism of sedimentary beds is considered, and the 
general conclusion is reached that their alteration is independent of 
eruptive action, and entirely conditioned by the heat produced by 
orographic movements. This heat is supposed to have been very 
gradually produced and very slowly dissipated. The author thinks 
that a temperature of 200 to 250 C., continued through ages, would 
suffice to crystallize new compounds like feldspar, quartz, carbonates, 
tourmaline, chlorite, micas, ilmenite, rutile, etc., without affecting the 
bulk composition of the rock. In exceptional cases an intenser move- 
ment might give a temperature of 300 C., sufficient to produce amphi- 
bole, which will appear as glaucophane, if, as in his Permian beds, the 
original sediments are very rich in soda. 

GeorceE H. WILLIAMS. 
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Text Book of Geology : By Sin ArcuiBaALD Geikik, F.R.S. Third edi- 
tion, revised and enlarged. Pp. i-xvi, 1147. 

The preface to the third edition of this standard text-book states 
that it has been entirely revised and in some pertions recast and 
re-written, so as to bring it abreast of the continuous advance of geo- 
logical science. 

A careful comparison of the third edition with the second indicates 
that this claim is fully warranted. The general plan of the volume is 
unchanged, but there are few discussions in which modifications do 
not appear. In many places the changes consist of nothing more 
than the addition or modification of a sentence or a paragraph. Even 
these minor modifications and additions are of great value, since in 
them are embodied many of the newer facts and ideas which recent 
research has developed. Thus we find the newer estimates of the 
average elevation of the continents ; new suggestions concerning the 
age of the earth; the introduction of new descriptions of minerals of 
petrographical importance, and the modification of some upon which 
new light has been thrown by recent investigations ; the adoption of 
Rosenbusch’s terms for certain rock structures ; the use of the word 
megascopic in place of macroscopic ; a re-arrangement of rocks upon 
a genetic basis, as sedimentary, massive or eruptive, and schistose or 
metamorphic, and a better subdivision under these heads; throughout 
the descriptions of rocks, additions and improvements incorporating 
the more essential facts brought out in recent publications. The pos- 
sibility of the metamorphic origin of some granites is minimized, and 
the probability that the greater number of them are eruptive is empha- 
sized ; the processes of metamorphism are elaborated, and the kinds of 
mineralization of common occurrence are pointed out. We find, 
too, new facts as to the amplitude of earthquake waves; the results 
of the more recent mathematical calculations concerning the dis- 
tortions of the sea level by the attractive influence of land eleva- 
tions ; fuller statements as to the possibility of changes of sea level, 
and concerning the causes of oscillations of the level of land and sea ; 
the conclusions to which experiment has led concerning the effect of 
hot water on the fusion temperature of rock ; new ideas concerning the 
flow of rock as the result of crushing and pressure ; clear cut state- 
ments growing out of recent discussions concerning the efficiency of 
glacial erosion ; a multitude of facts at one point and another drawn 
from the reports of the Challenger, and from the reports of other deep 
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sea exploring expeditions, as to sedimentation far out from land ; the 
results of recent biological investigation touching the supply of lime 
carbonate and silica from which animals and plants secure materials 
for their shells ; a more explicit statement than the earlier edition con- 
tained concerning the complexity of the glacial period ; a modification 
of the classification of geological formations of North America, incor- 
porating the ideas of the correlation essays of the United States Geo- 
logical Survey, etc., etc. The additions and changes concerning these 
topics fairly represent the character of the alterations to be found 
throughout the volume. These new touches are sufficiently numerous 
and suggestive to make the volume valuable, even to those already in 
possession of the earlier edition. ‘ 

At a number of points the changes have been much more consid- 
erable. Thus twelve pages were devoted tothe discussion of the Arch- 
ean in the old edition, while thirty-seven pages are given to the pre- 
Cambrian in the new. The general character of the changes at this 
point were foreshadowed in an article by Sir Archibald in the first 
number of this journal. Two groups of pre-Cambrian rocks are dis- 
tinctly recognized, the lower consisting of gneisses and schists, and the 
other of the pre-Cambrian sedimentaries and volcanics. The charac- 
ter, the relations, and the genesis of these groups is briefly but com- 
prehensively set forth. Concerning the first group the conclusion 
reached, as expressed in the author’s own words, is as follows : 

“These rocks are in the main various forms of original eruptive 
material, ranging from highly acid to highly basic; they form in gen- 
eral a complex mass belonging to successive periods of extrusion ; some 
of their coarse structures are probably due to a process of segregation in 
still fluid or mobile, probably molten, material consolidating below the 
surface ; their granulitized and schistose characters, and their folded 
and crumpled structures point to subsequent intense crushing and 
deformation ; their apparent alternation with limestone and other rocks, 
which are probably of sedimentary origin, are deceptive, indicating no 
real continuity of formation, but pointing to the intrusive nature of the 
gneiss.” 

Concerning the second group of pre-Cambrian rocks, the sediment- 
ary and volcanic series, Sir. Archibald takes the same position as in 
the article already referred to* and essentially the same position as that 
of Prof. Van Hise, already set forth in this journal* and elsewhere. * 

? This Journal, Vol. I., p. 1. 


?Vol. L., No. 2, p. 123. 
3 Bulletin 86, United States Geological Survey. 
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The adoption of any general terminology for the pre-Cambrian 
rocks is deprecated. In the author’s judgment, “ the term Laurentian 
cannot henceforth have more than a local significance.” He further 
indicates his belief that “there will be much less impediment to the 
progress of investigation by the multiplication of local names than by 
the attempt to force indentifications for which there is no satisfactory 
basis. Each country will have its own terminology for pre-Cambrian 
formations, until some way is discovered of correlating these formations 
in different parts of the globe.” The great duration of the time inter- 
val represented by the pre-Cambrian sedimentaries and their great un- 
conformities is distinctly recognized. Much fuller details are given in 
this than in any earlier edition, concerning the development of the 
pre-Cambrian in different parts of the world. On the whole, the 
chapter on pre-Cambrian is much more satisfactory than in any other 
existing text-book. Several other periods are much more fully dealt 
with in this edition. This is especially true of the Silurian and Ter- 
tiary. Various new figures of fossils are introduced, representing 
important species of recent discovery. 

In the section dealing with glacial geology, we notice that no dis- 
tinction is made between the formations known in America as kames and 
osars, and are a little surprised to find the statement concerning kames 
(osars as we know them in America) that “no very satisfactory statement 
of their mode of origin has yet been given.” Perhaps this may be true 
in a restricted sense, since there is much discussion as to the exact 
character of the streams which produce them, but that the formations 
which we have come to call osars were produced chiefly by superglacial 
or subglacial streams, does not seem to admit of serious question, so 
far as America is concerned. We are also surprised to find the loess 
placed in the recent or post-glacial series. This is not the correct 
reference of most of the loess in the United States, for at various points 
along the northern border of the very extensive loess covered area, as 
in Illinois and Iowa, the loess is frequently found beneath the till of 
the later ice invasions. The eolian theory of the origin of the loess is 
favored. ‘This seems to be by far the most satisfactory theory for the 
Asiatic loess, and is finding much favor in connection with the loess of 
Europe. It is doubtless the loess of these countries to which reference 
is especially made. But the points urged in support of the eolian 
theory are not all applicable to the American formation. For example, 
“the thoroughly oxidized condition” of the iron content of the loess 
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cannot be urged in support of its eolian origin on this side of the 
Atlantic. Where the loess of the United States is typically developed, 
and has any considerable thickness, its iron content is not often thor- 
oughly oxidized below a depth of four to six feet. The same is true 
of the loess of some parts of Germany. So, too, it may be much more 
troublesome to account for the presence of even a few aquatic shells in 
an eolian deposit, than for the presence of many land shells in a water 
deposit. The frequent inter-stratification of loess and sand at the base 
of the formation, the occasional presence in the loess of stone quite 
beyond the power of wind to transport, its general habit of following 
river courses, the presence of aquatic shells, and its lack of oxidation 
and leeching except for a short distance from the surface, are consider- 
ations of sufficient weight to make it very doubtful if the larger part of 
the American loess can be due to the wind. On the other hand, we 
believe that some (quantitatively a small part) of the loess of the 
United States is unquestionably of eolian origin. It has long seemed 
possible to the writer that formations may have been grouped together 
under this name which have had very different origins at very different 
times. This notion is emphasized in the volume before us, where the 
adobe of the United States, two or three thousand feet thick, is referred 
to as the loess, though this is not the formation commonly known as 
loess, and can hardly be one with it in origin. Many new facts are 
given concerning glaciation in regions where the work of the ice has 
not, until recently, been known. 

The incorporation of the great body of new facts and suggestions 
throughout the volume has meant the digestion of a large body of 
recent literature. Indeed, there appears to have been very little geo- 
logical literature produced since the earlier edition of the work of 
which the author has not made use, and to which we do not find ex- 
plicit reference in the new edition. 

ROLLIN D. SALISBURY. 


Bodengestaltende Wirkungen der Eiszeit. Vortrag von Dr. AuG. BOHM, 
Privatdocent an der k. k. technischen Hochschule, Vienna. 

The difficulty of finding satisfactory summaries of the physical 
features of European countries makes such essays as the above espec- 
ially welcome to the American student, particularly if he contemplates 
a trip abroad. The essay is one of a series of lectures, published by 
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the Verein sur Verbreitung naturwissenschaftlicher Kenntnisse in Vienna, 
now in its thirty-third year. The essays may be had separately, and a 
table of contents of the thirtyodd volumes may be procured from the 
publisher, Hélzel, for a nominal price ; from this one may select such 
numbers as he wishes. Recent volumes contain articles by Suess, 
Ueber die Structur FEuropas,. from which the geological traveler may 
gain a breadth of view that will greatly profit him; by Penk, on Das 
Oecsterreichische Alpenvoriand, and Die Donau (Danube), from which 
more local views ‘may be gathered of equal value in closer studies. 
Dr. Béhm’s essay is a well-argued presentation of the belief that even 
the greater Swiss lakes, as well as nearly all the smaller ones, are the 
result of glacial erosion. He justly emphasizes the moderate propor- 
tion of depth to length in even the deepest of the marginal lakes ; and 
the location of these lakes with respect to the greater glacier which 
formerly emerged from the Alpine valleys on the Piedmont districts. 
Even in those valleys where no marginal lakes now exist, as in the valleys 
of the Lech, Inn, Salzach, and others, rivers emerging from the north- 
eastern Alps, there have recently been lakes, but their basins are now 
filled and drained by the active streams that traverse them. The high 
level lakes, held in rock basins and enclosed by mountain cirques 
(Karen), are with even more confidence ascribed to glacial action. 
Many of the smaller lakes have been extinguished already since the 
glacial period. In the Tyrol, no less than 118 lakes recorded on the 
maps of the last century, are now drained. In this relation, the Alpine 
valleys seemed to have advanced further towards recovery from the 
glacial accident to which they have been subjected than the Norwegian 
streams; for in Norway, many a river is still only a string of lakes. 
It is notable that drumlins are not mentioned by Dr. Béhm as char- 
acteristic products of glacial action ; hence we must infer that they are 
seldom seen in Continental Europe. Wo. M. Davis. 


ANALYTICAL ABSTRACTS OF CURRENT 
LITERATURE. 


Conditions of Appalachian Faulting. By BaiLty WI LLIs and C. WIL- 
LARD Hayes. (Amer. Jour. of Sci. Vol. XLVI., pp. 257-269). 


The cross section of a great mass of sediments accumulated over a zone 
parallel to the shore is that of a bi-convex lense. One edge rests against the 
shore from which the mass at first thickens rapidly and then thins gradually 
seaward. A broad shallow trough is thus formed by the deeper strata which 
may be called an original syncline. The authors give data to show that pre- 
vious to compression such original synclines of deposition existed in the 
paleozoic strata of the Appalachians in Pennsylvania, east Tennessee, north- 
west Georgia, Alabama and in other localities. 

In the original synclines of the Appalachian province the steeper seaward 
dip was northwestward and the gentler shoreward dip was southeastward. 
If strata in such a position be subjected to sufficient compressive force, the 
original syncline will be exaggerated and the steeper shorter arm will be 
rotated as between the forces of a couple. If compression is continuous 
long enough the beds may be overturned. 

From this stepfold a thrust-fault may develop in either of three ways. The 
pressure tending to exaggerate the fold is most efficiently transmitted by 
the most massive stratum, and any condition which weakens this stratum may 
lead toa fault. The three conditions under which this massive stratum 
may be weakened are erosion, fracture, plastic flow; the second being the 
most common in the Appalachian region, where the massive stratum seems 
to have fractured, forming thrusting faults under loads of 2,800 to 11,000 
pounds per square inch, but to have folded without breaking under loads of 
11,000 to 34,000 pounds per square inch. 

The authors discuss with the aid of diagrams the mechanics of repeated 
parallel folds, and show that the parallel folds are later than that located by 
the original syncline, and are consequent each upon the next preceding it in 
time and position. In the Appalachians the compressing force was directed 
both northwestward and southeastward. But when folding began there was a 
movement from the force towards the resistance. This the authors conceive 
to have been a superficial flow of a broad zone from northwest to southeast, 
from the sea towards the land. H. B. K. 
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Ueber Gerill-Thonschiefer glacialen Ursprungs in Kulm des Franken- 
waldes. By Ernst KALKowsky in Jena (Zeitschrift der Deut- 
schen geologischen Gessellschaft. XLV. Band. 1. Heft. Jan- 
uar, Febuar und Marz, 1893, pp. 69-86.) 


In the midst of the shales and greywackes of the Upper Kulm of Frank- 
enwald, there is a peculiar sort of conglomerate (geré//-thonschiefer). This 
conglomerate is exposed at but few points. It is not certain that all the 
exposures belong to one horizon, though nothing is known which forbids this 
conclusion. The demarkation of the conglomerate from the underlying and 
overlying beds is sometimes, but not always, distinct. The conglomerate has 
a known thickness at one point of at least 18 m. It is wholly unstratified, and 
is made up of something like equal parts of clayey matter, and well-rounded 
stones (geré//en). The sand grains are conspicuously angular, while the larger 
stones are as distinctly well-rounded. Inno case do the sandy or stony mate- 
rials show any traces of arrangement suggestive of stratification. The 
stony material varies in size from pebbles to small boulders, the largest being 
22 X29 X 12c.m. Inconnection with these limitations in size it must be 
remembered that the exposures are very limited. While it is difficult to 
determine the origin of the stony material in all cases, it does not seem 
necessary to suppose that it is of very distant origin. The author considers 
the various possibilities concerning the origin of this conglomerate, and con- 
cludes that it is the work of rivers which were affected by floating ice. The 
conglomerate is therefore an indication of cold climate in the adjacent 
regions at the time of its formation. The author thinks that the Carbon- 
iferous ice period, belief in which seems not to be without foundation, may be 
brought into connection with the cold climate indicated by this conglomerate 
bed in the upper Kulm. He further thinks that the cold climate of the Kulm 
may have made itself felt over wide areas, since more or less extensive con- 
glomerate beds of this age occur in widely separated parts of the German 
Empire. R. D. S. 
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